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CONFID! 'TVtL
LINUL'S O~F TQ .I{Ai-D CHLG1 S. ANUD

iEVLO}2'NT STEERING AND 000RDINA'! NG CQOL!ITTSE 1.1TLTING
26, 27 Jui 1955

A. "pnr' o... E'.etilgA . nlrizo

The Seventh Meeting of the Ordnance Corps Shaped Charge Rescaech and :)e-
vel-ipment Steering and Coordinating Committee -:- held tt Watortown Arsenal,
Watertown, Uaiaachusetts, on 26, 27 July 1055 at 1030 hours with Dr. L. Zernow

presiding.

Col. ^. P. Taber, Commandlng Officer of Tiatertown Araer.l delivered the

we.coming talk to the Committee. He discussed the complexity of the Shaped

Charge Program, ond oomuended the team vork exemplified by the Shaped Charge
Coamitte. Out of shai d 6harge r,,seareh haey come such diversified develop-

ments such as the barlum-titante fuze (', siky"), flash radiography for direct

observatizn of rapid moving events and improvements in V AT amwunl ton.s Col.
Tabor concluded with wishes for tud continued success of the Committee and his

pleasure in being host to the Committee.

B. Reco-nded Practices bulletin for Targets

hr. Ac Hurlioh distributed for inspeotiou onl, ,ope3 of a 'Recmmond-id

Practices Bulletin for Targets for Shaped Char&e Resoarch and Dovelopmeni"
Arrangements were made for distribution of these bulletins through the Ballistic

Research Laborataries to orgeniz&'ions represented at the Committee Meeting.

It was requsted that they be carefully examined by all who receive them.

Comments, corrections and any supplementary information Vhtah it is considered

desirable to include in this bulletin should be forwarded to Mr. A. Hlurlich,
Watertown Arsonal, Watertown, Massachusetts. It is planned to issue an
addendum when it it warranted.

Co Plate vs Billet for Targets

The economl" ; f steel billets vs steel plates %'s targets for obtaining

shaped charge information was discussed, Mr. L. A. Poe of the Bjorksten Re-

search Laboratories, hr. J. Redan ot the BRL, Dr. 11, Winn of Firestone Tire and

Rubber Company, and Dr. S. N. Clarkeof Pleatinny Arse.n&l presented their ex-

perances and the costs i"volved. The detailed cost3 of wzorial ond labor is

published in this Issue of the Shaped Charge Report and will also be included

in the "Recommended Praoties Biulletin".

Dr. Pugh pointed out that whore volume zeasurement?, are desired, the bil-

let target is superior to the plate. dowever, the diameter of the billet must

bs 1arge enqugh J. avoid swelling end deformation of the taege by the pens-

trattiu Jet. r. Pugh also stated that perfo mnce-wisa no differences have

been detected between billot and plate targets. H wevser, with better charges,

small differences in the buhavior of steel billet and steel plate L.ght be

detectable.

Col. Taber suggested the beca45e of the high material cots involved in

cPiotinny paper will appear in the next ljjiue of the Shapec1 Charge Resoarcl
Repc-rt.
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tne 'ise :v s'.et. ,rgots, sore tuhht oe dtovotcd to ri., u.Ae of -h+)-,r materials
and ei rT3 in.ch right bo cheeper thart 3teel, for example, targets cooj .
of' coeiners "1lI1d wixth watvr" or sand.

I). 57m*., ]lUT Daveloprm'nt Program

.C E. Jacobson, Vicati-uy hr~b:1 1 recrt'd on the 57n."r HEAT Develop-
ment Protrazu as follows:

1. Priority assignment to the project has boon raised from priority
2 to 1- by OCW.-i9o, throuoh the eft'orts of Mr. Uaaszy. However, the oficial
OCM hod not arrived at Picatinny at.t1in of discussion.

"' 2. Allotment of additional L'und. for this program had not been re-
oeivod.

3. Following ti- su;gestion made at the previous Committee nestiu
for closer liaison between Pioatinny Arsenal and Carnegie Institute of Tech-
nology, 25 cones were sent from Pioat$nny for inspection by Carnegie Instituto.
Results of insp ations to date indicate little dimeusional variations from the
Pletiny results. Also noted was the fact that the results of inspections
performed on the Camin manutactured aleotroarcwrd liners wre not ar variable
a$ had been previously believed.

4. The inspection procedure and the results obtained at Picetinny
Arsenal were desoribed as fo'lowss

Two hundred liners were received by the Arsenal from Camin Labor-.

tories. Six liners were checked for wall thickness at 3 ciruumforential az|
two longituinal ponts. Maximam disporsion vas 1.5 mles. Index angles met
speifications. Five liners were chosen to check offset angle at flute (which
requires nutting the liner) Offset angles varied from 270 to 420 w-here the
dreowrug requirements were 300 . Maximum flute depth variation was .3 ail in
any one liner. "erally, the liners whioh were reported to have done so
poorly in compensating for spin Or not show themselves to be inferior dimension-II¥

One point noticed was that at tas ba.s of t'io flute, the poor per-
forming liners had a srarp corner, where previous!y tnere was a radius. In the
belief that this sharp corner may have induced a wakening of the liner andIpossibly break-up of the liner prior to its ooilapse, it was plonnnd vy Pioutiny
to investigate the performnco of liners similar in all dU!Ail to the pn-
performing ones with the exception that the base wzuld be filleted inste.0 of
sharp-corner;;. ilouvwor, to oxpedite the aork on thts p rcram, additional
funds would be essential. Dr. Eichelberger responded that photomicroraphs or
the line' profile& sent With the original dewiz-gs illustrated a radius at the
base of the flute. Apparently, these profiles Yare not followed in the fabri-

cation of present liners. However, thure ha-- %)eon a na t eyperience which

would warrant an 2xplenation for the poor performanc. being based upor 1
1
-

shfrp vs the ftilletsd corner. It was sug;esteI by Dr. ZUrnow that inastood or
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inveattgatinZ -:hnt factors havii Cone Into irakinm these presont liners perforV
so poorly, it would be of &r',eter -;alue to go back t- the dir.qumions and con-
figuration of the old IaIfy liner, which did ,now good spin c,.pensation, Rld

attempt to reproduoe these in all dutails. Thus could the laboratory results
be moro rapidly applial to tqo development of tae 57n iiEAT Service round. Ib
vas Alst, ;uggtesttld that Pontinny niglt obtain ; ,7.mm flut3d liners fabri-
cat," by Loe LJU7ht which giv 7" pen-otration at '1) rps. The process in-
volves r drawing:coining combination v:ith thh flute having a large radius on
tho extorior and a small redius on the interio-r.

.2Sh d Cherubs nt !Aor-. Standoff A~aint irf
E. Shya Arrr

Mr. R, -levoll of t, Nqval Ordnanoe est Sratlou, presented some of the

oarmrnt investigations on the .rcfeota of aluminum Jets upon thin walled fuselages
at long standofx'- .-dth charges ranging from 4" to 8-l/Z" in dia:ter. This
paper appears In this issue of the -liapod CharZe Report. One concltision whioh
was drawn from the evidence presented -.aa that in addition to daneros from the
ijet perforating the fuselage wall, considerable demaga to the fuselage resulted
from forouc generated within the faselae after the Jet perforated. Projected
slide* showed complete rupture of the fuselage as the result of an aluminum jet
from an 8-1/2" diameter charge fired 60 fet -rcm th& tae-a.e and perforating
the fValag* wall.

I. Mltrasoni,os in Non-Destruoative Tst%

Ur. C4 Gatings of the Watertown Arsenal presented a 4ovie on the use of
the Sperry Uizrasonio Refleotoaoope wtioh had been modified for easy manipu-
lation over Irregular ooafigu'alons as well as rough surface finishes. This
has won Pcoapltshe4 bys *( s. A series of weighted hingeos which permits easy movement of the

. rystal over the sute.cs of tho object being ispe oted.

2. A series of orved or strai_ht face adapters, fitted over the

orystal face which permits the crystal to ride over curved or flat areas.

3. A water aoupsi u between the crystal and th. inas3petd surface
which permits the use of ultrasonio seeker over rough surface finishes,

Possible applioation oe this type of refloctosoope for determining the

penetration of a shaped o:,arga jet iato a steal target w&s discussed and U.r.
Bastings eovressed the opinion that the sensitivity of the refloctosooc -"ld
be made to differentiate between the bottom or the bole and any copper 'fren the
jot -which may have been d.pusited in the hole. It -,or jv' ;ested thAt the ap-
plication of the Ultrasonic Reflectoscope be considered..

Go0 R-Selt Lxlsvs Ptnil s nSae hreI Mjr. C. E. Jacobson presented a paper on an explosive bein Investigatea
by Picatinny Arsenal which involves repiain6 some PDX with a material deaig-

* nated R-S".lt. Uiture Z8 'curresiy %.- I -sit, n 70of % DX, X'o i-.alt,
2-li ieananthreue end 1/2% 2-Nitrodiphonylbmine. Mixture 38 in loss sensitivo
to inpac than Conp 8 ai i hes e stAbility equal to 50/50 Pentolit,. The
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solubility of R!!X in R-Salt is fLpproximately twice the weight of R-Salt. i-
aults of tests vlth mixture 38 in sheped chag ges have not been very eacouraging.
However, t. charges were found to be porous, chipped and the cones loose in
the charga d:;o to poor cast.a6 tecnniqu.)s. Further investigations ore inetanded.
The full paper apptars in this issue of the Shaped! Charge Report.

H. Surface Effrots Investigation

The dicuasioa on the Surface Effects Program which was on tho Agenda for
this mctiug ,-% delfted duo to temporary delay in t-," testing pro;ram which
is beinG conducted a' Picatinny Araenal. Some results may be available for
th ne't n.etlng. A parallel investigation is currently under way at the
Cbrnegie Institute of Technology, involving liners rejected by the Moe Light
Comp.ny'for slight defects. Thsea will be fired to detect what effects these
slight flaws have upon pe.tration.

I. Library of ConsaeBibliograpity on Shaped Charges

Mr. J. Gibson of the Library of Congress announced that the Shapad CY-rge
BibiloGraphy prepared by the Library will be ready for distribution in August
1955.

J. Dr. Pugh expreseBd for himself and for the Corsitteo the rogrots felt at
Dr, "Zernowle departure frok the Ordnance Corps and the Shaped Charge Committee.

K, Mr. M. Miller of OCO was nominated and unanimously elected as chairman of

the Committee.

L. 90 - 106 - 120n Caliber Evaluation ProLram

Dr. Zernow proeated the current thinking on plans for firing the 90 - 106 -

120mm Caliber Evaluation Study. Plana ore being formulated to add a tank
evaluation phase where 9 rounds of each caliber as well as an additional 105mm
modification will be fired agallazutanks and evaluated for lethal effectiveness.
It is planned to tire these four oat* ot rounds against four identioal tanks,
Problem which arise in planunag thi4 phase aret

1. Selection o.^ typo and model of tank.

2. Whieh tanks components must be operative, which way be sialated.

3. Locatoau on tanks tot point of lwpact of round!.

Generally, It had beon aGreed at a no-viou neeting of the BRL (rBL & WS),.),
Firestorm and DWIS that the fuel and emmunition compartments are too sensitive
to be "sad to differentiate diffaro.:ces in -eJ-,cti-,eness between the 90mn and
120=m 1=f mwound Hence, the conclusion had been nip.-':,ed that all ficings
should be condactad Into the crew compartment. Further meetings by thi nmbers
directly concerned with thit progrum is belri rlanmed. Mr. Salter, Detroit
)Jrs aal, suggested that in conducting such a piogrom, aluminum liners in the
UCi w. caliber should be i.:olo'zi, Oith thls lart-r cmlibor, tr.e ahuainwt jet
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may bchiov, tn p, notration requi,',re.nts no; o~ntainablo in thr svall Ir calibor
&ni the iLarcs,d luthsal offue-otiv'mnc3s mny .olo t!rin comu, n-r-t.. for the}:'
kca!lbor r.ecc6.atry to ,'hlovc thr -1n~Lration.

Dr. Zcrnow aroaed that such an oxerl.-n', v,,ud b,. Uf value and aireud
tLat it should be undertaken at a latnr date. j.owovor, th time available lo
completce the Csliber Evalaation Pro-ram wv .71 :.o. ruripit tho additional f1. .
to be coDleted i, this propram. Inclos,d .s Appendix III is Lho Caliber
Evaluation Testing urogram on tno 90 - 106 - 120mm HCAT Rounds as currently
planned.

k.' "DART" Eviluation

Dr. Zernow described the probleMs involved in as*s3nC the lethal of-
footivenoss of the "DART" Warhead ns very similar to the problems faced in the
90 - 108 - 120mm Caliber Evaluation Program. Any conclusions arrived at On
testing procedures for the Caliber Evaluatioa study may be applied to the
"DART" study.

In conjunotion with these two programi, Ur. Salter mentioned th., availa-
bility of a wooden model of the JS III, constructed by Oet.roit Arsenal and con-
taiing all components based upon the most current inforuotion. Hle suggested
itst this model may be studied for possibilities of constructing simulated

tanks vr components instead of user American model tanks against v.hich to test.

N. Editor of Shaped Charge Researc h Report

John Squier wa, proposed as the Ed5tor or the Shaped Charge Research Re-
port to replace Dr. Zernow. This was agreed upon.

0. ;Atalit Evaluation Committeo

With the in')reasod emphasis on lethality evaluation of shaped ch=rGs
ammunition, the Shaped Charge Committee recommended that a Lethality Evalu-
ation Committee be orgauized or if one is in existence, it be reactivated.
Mr. Miller undertook to look into this matter.

'P. Contributions to the Shacod Charge Research Report

Ur. Squier requted that all members of' the Co.Littee channel material
of intorest in the sahaped charge field into the Shaped Charge Research IoiotL.
hile there have been -cmq contributions, many mors rn be use3d and aro de-
sired.

'. Coordinated Metallurgioal Progerm

14r. H. Markus, Fra:c-ford Arsenal, described the purpo- or the Coordinattl
Metallurgical Program. It was desired to condu.t a study of processes which
could be utili-ed in thal fabrication of liners for !d-T eawunition. This pro-
Y-- was eubdivided as follo.s:

1, ?Itatinny Araenal to study liner production mbthols i:v.lvin6
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meoting on Lethrility Evaluation Agaiise Tanks

A e.et~ng was called at TBL on 21 July 1955 by Dr. Zernow for the purpose
of dicoussiug a test plan fnr the Tank Evaluation Study of the Lethality of
Aywlition, In attendance weres

Pvt. Ring D&PS
Mr. A. Pillersoarf D&PS
Mr. J. Feroli UPS
Mr. D. Hardison BRL
Mr. J. Hanna DM
Capt. Fisher D&PS
Dr, L. Zernow BRL
Mr. I. Lieberman BRL
Mr. 1. Regan BRL
Mr. 0. Zeller BRL
Mr. 0. Miller Firestone Tire & Rubber Coo
Mr. C. Dunkle Picatinny A sentl

The disoussioa revolved around plane for tho ourrent program on lethelity
evaluation for the 90-108-120mm Program and the "DART" Wiassi.9 Program. !
both oases* it has been agreed that a phase for evaluation against tok would
be highly desirable, lowever, the method for obtaining the desired information
aSainst tanks vs not as olear.

After smoh discussion, the more obvious points which require decision in
the evaluation against tanks were enumerated ac followas

I# The selection of the tank.

a. Deleation or model of tank.

b, lumber of tanks equired

O. Tank instruments which would be necessary and the possi-
bility of timulating some of thee.

d. Operability of oomponents which are aesirable.

2. Saleotion of tank surface against wnJcti to fire.

a L4-tlcn.

(1) L rrot.

(2) Crew compartnsnt.

b# Obliquities of surtace against which firings should be
ondmoted.

a. Proximity to swipauicniis'~

3. Sanw&ratlon of type of data thaa would bo rncoraod in great cti-
tail. The mtlod o i*e eu p . in analysing the d t-% should te olearly
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definod so that proper assessment of damage could b% perforwed in the initir.
stagee.

The sug , tionuas made that the group attending this meeting conuider
th uelves an Ad Boo Cointteo, mimbers to dawo - some thought to the problem
of evaluation of lethality by use of tanks Another meeting to he called to
onlider this question further.
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COWENrS ON TARGETS USED AT TFE BALLISTIC RCSP....... LABORATORIES

J. A. Regan

Ballistic Research Laboratories

Aberdeen Prov.:', Ground, M(aryland

The target usod by the Ballistic Research Laborotories is made up of

6' z 6" x 3" blocks stacked to a height great enough to absorb the entire Jet.
Th, shot is tired vertically and the penetration is determined by counting the

numbor rlat es completely penetrated and adding to this the penetration into
the final plate. The penetration into this last plato is determined by cutting
the plate vortioal~y in a Racine hydraulic out-off sew, Model 30-C thus ex-
pviing the cross section of the hole and permitting a measurenment of Lhe depth.

The target material most conwnly u3aed is 1020 steel. Purchased in quan-
tities of fifty tons or more it is possible to obtain an entire heat from one

furnace thus getting some assurance that the material is metallurgically con-
sistent.

The plate is hot rollod to 3" thickness and shipped to the Proving Ground

in sheets. At the Proving Ground the plates are flame out into 6" x 6" x 3"
blocks* Any slag present alu.rg the edges of the blocks from the outting is re-
moved but nothing further is done in preparation.

The cost breakdown ftr the preparation is given on a "per block" basis and
the cost of each target with the penetration determined is listed later.

Fabrication lost, (per block)

6aterial $1,44
Labor .35

Supplies (acetylenes oxygen, etc.) .19
total fabrication cost per block 1TSI

st ofBa Uret (Average of 6 blocks per shot)

Five blocks 6 *1.98 per block S 9.90
Cutting last block to determine

penetration .66
Total cost of ta;&st per shot 416.18

The blocks are out at the rate ot 5 per hour or about 30 to 36 per day.

It has boon suggested by Mrs Roe of the BjurkataL. Rosearoh Laboratories
tut the uso of ro -d stock to make cylinder3 which wokid be tired iato c .ally
ar3 more economical. A cylindrical target of 3" round stock 16" long equivalent
to the staoked block target would cost 10.68 bu;sd on costs at Ab edeen Proving

Grounds The expense of determining the penetration mlild Irocafsae tr.e cost t0
well over 411,00.

V, zavings of oither time or money is indicte a oy there fIgures. Ad,;-

uate facilities fcr cutting, imwng and handling larpe quanvieti of steel
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plate are already available at Aberdeen Prov.ng Ground and this ract contribute,
strongly to the low lovel of the cost. At other inst'allations where suoh equip-

nut in laoking it ray be necessary to resort to other types of targets such
&x steel cylinders.

In the light of the above data no ohougo Is contem.plated for the target
struotize presently used at tas Ballistio Researoh Laboratories.

I3
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ABSTRACT OF PAPER

Presented By

L. A. ROE
BJORKSTEN RESEARCE LA BORATOpIES

At

THE SEVENTH MEETING O- THE ORDNANCE CORPS

SHAPED CITARGE RESEARCH AND DEV7.OPMENT

STEERING AND COORDINATING COMMITTEE

Watertown Arsenal, July 26. 1955

USE OF STEEL BILLETS AS TARGETS IN THE EVALUATION OF

THE PERFORMANCE OF SHAPEr2 CHARGES

This paper descri*,es the adoption of round steel billets., 10 to 20

inches long and 5 inchs in diameter, a target materlal in place of one-inch

thick wild steel plates. The work was performed under a contract from the

Ordnance (;orps, Picatinny Arsenal. All static firing tests were made with

the 90 mm TI08I40 HE.T shell.

Following the recomnien..uns of the sponsor we first used 5 x 5 x k-inch

thick wild #teel plates as target aterial It was soon reall'ied that the haadling

cperations involved with the thousands of plates required in our tect program

would be very costly. Therefore e. obtained s.oi"L teel billcti 20 inches

and 5 Inches wide in diam-ter, 1ihe billets were Special Liar Quality C-10.8

steel, showed Rockwell bardnesses of 67 to 70 and weighed about 114 pounds each,

VW n the first static firing tests were made, ' ".was fou d that about 2004 more

shO could be made during a given time. Also, tizie was saved in numbrxng

plates, storing target material and iz meLsuring tne volume A Li. h-lc produced

bythelet. The cost per pound of billeta was less than that n"Zolates when s "nalI

lots of a few hundrel pounds : ,onsidtred. Later quotatu;s on quantities o

I • • • • • • • • • • • • • • • • ••mC



40,000 pounds or over showed similar costs per pm:nd of plates or billets. A.

July 21, 1955 quotation from Central Steel & Wire CcUmpany, Chicago, Ill. gave

$5. 'o per hundred pounds of 5" diameter H.P. '1-1018 S3Q steel. Plates of the

sa:.ie quality steel were quoted at $5.50 pej ..widred pounds. These are miMl przo'es.

Costs of cutting were at follovs:

Billetz $0. 98 for first cut, each additional cut @ $0.60 each.

Plates: Saw cutting. First cut @ $0. 75, each additinnal cut @ $0. 24 each.

Flame cutting would be uasidu ably less than saw cuttirg of plates.

The 20-inch long billets were difficult to l andle and future testa will

be made on 10-inch lengths which weigh about 57 pounds.

Depth of penetration is obtained by taking a rough measure by inse-T!ug

a wire in the hole and cutting off L'he billet at that point. Then the bottom of the

hole is drilled for exact depth if measurable quantities ol' copper are present.

It was noted that much less copper was found in the billets than was found in the

platese This observation may be related to the fact that an orange.-red column

oi flames was noted when billets were used in static firing tests. No flames

were visible when plates were used.

The conclusion we have reached concerning plates vert-us billets is

that billets are preferred when one type of round Is being temted, It several

types of rounds are under inv-stigation, then the first 8 or 10 inches of the

target should be a one piece billet wbile the balacc n-na Le one or tv,' -Lr-

steel plates.

BjORKSTEN RESLt.4CH .ABORATORIES
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Currsnb Work on the Nitroso-aalog (R-alt)
of RDX ."or Applicatic" to Shapod Charges

C. Z. Jacobson

Samuel Veltman Ammunition labortmios
Picatinny Arsenal, Dover, N.J.

Picatirny Aruanal has been working fc.- the past year on devoloimeat
of the nitroso-analog of [DL The work I-es b61, directed toward pro-
duoing a mterial og Uish purity and acceptable stability as well as
utilization of this expls ivo in new castable compositions of improved
perfomanee,

R-salt cyolotrimethylnetrinitrosamines, has 3 NO groups as compared
to RT,;Xoyolotrimthyienetrinitrai, ,f±.h ham 3 NO2 groups. R-calt is
reistiwly cheap and simple to marfacture using am&ila, formal.d
sodium nitrite, water or ice, and a strong mineral aold. It has a melt-
ing point slightly ovir 1000 and a sensitivity to impact approximately
the sam as Tr, However, it has 20 to 30 percent more power than T.r
in such tests as the spherioal lead block ard balLkstic mortar* More
iqortant, probably, is the fact that R-salt will dissolve from 1 to 2
time its own weight of RDX.

one R-salt oomposition, designated as Mixture No. 38, has been
studied for its use in shaped charges. Mixture No. IS has a heat sta-
bility slightly better than the 50/50 Pentolite used during World War
II. its sensitiv4ty to impuct value, obtained )n the Bureau of Mines
Apparatus (5-kg weight, 300 eas, 5U percent point), was 24 ca as
ooapared to 17 am for Ccqpition B. Mixture No. 38 has the following
omosition; 70 percent RDX, 27 percent R-salt, 2.5 percent phenanthrene,

wad O 5 peroent 2-nitrodiphenlamie. The pie,,r._reue is present as a
nlting point deprasani, the 2-nitrodipheaylami.e U a stabilizer.

Ths quantity of R-salt available was snall so the tests for ealu.-
tioa of ,"tur* No, 38 were ct neceseity 1!Aited.

Rate of detonation sticks, vids of convolu4 wound boxboard tujos,
16" lojg, 1" ID and 1/8" wail tv '-iis, were loadd. Five sticks iVerl
loaded wth Co -povition B and ' with Mixture NoC, 38. Rate3 of deton-
lion in ater's per 50091-4* ,9b6.ila r ; '.atg r'Amra ifere as
follows$

760 8V90
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Coposition B 'iture No. 38

7740 85204
7760
7160

*This figure wae read from a poor trace and should be discarded.

One 90 7 11 1 Shell ' loaded with Cooposition B end another
with WIture No. 38, Both shell were buried in sand and initiated with
a modfied 11% ruze. The Composition B-loaded shel produced 2340 frag-
stsal the Mixture No. 38-loaded shell, 2716 frauents. The i1+crease
was fairljy well dictribted over the entire raige of different sized
pBtiolua.

FIv, ihsaped charges were loaded with Composition B and 5 with Mix-
ture No. 38. The metal parts used viere a copper cone from the T205
3.5-Inch JAT Rocket Head, machined to a .070" L .001" wull tlicknes8,
silver soldered in a 10" lwg, 3e175" ID, .065" wall thickn&se, steel
cinder or tube. The charges were fired by means of 1.5" diameter
tstryl pallets and US. Anw Type 32 Special Blasting Caps into stacks
of P x ;P x 1" mild steel plates (Brimnl hardness -116) at a stand-
off of ?W* The following penotrationa, in inches, were obtaineds

34.7 15.5
17.2 16.8
19.9 17.1*
20.5 18.5

Average 18•55

SW Dq 2.56 2,C.

. hese 2 ohargi. were .oose in tile cone-cylinde' assezWblie.

All of the shmped chargee loaded with ";s '4 -8, were chipped round
the peripwry and, an noted above, two of the explsc-a Qorge,8 were
loose in the met4L parts nsem.b6,

UAll -he above loags wera made by a dingt pour method. The
mixture no. 38 ims pca'red at approidmtely 92 0 =A set at 8VC. Denal-
tine of 1.46 $x/ce &Ad 1.67 ,p/c- wer- obtained for CotposWot' P- and
1.Nure No. 3 reipect~vely. ?adographs of the loaded items shoqd

&onsrfble c&_attion indioting that the load:io method a~eded modi-

icatic. The it- r were tested iii spite of the caviLatiou b.-KdOu5 W)

little of te I. -S It '.s a- -

Yh 2
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It was concluded from the iu.ta obtained that R-salt comp*,53 I. vs
were definitely promising but that Lurther development work war riecesslvy.
Two results of this work have already been produred. Ono is that the
beat stability of R-salt has been Improved by re crystallizing the mate-
rial ,.rom boiling instead of merely hot isoamyl alcohol. The second r*-
su.L has bee-i a new composition, dignated as Mixture Nc. 59. This
consists of 70 percent RDX, 27 percent R-salt, and 3 percent 2-nitrotri-
phanylad.ne. The 2-nitrotrphenylamine has been found to be a more
effective stabilizer L.an 2-nitrodiphenryl ine and also acts as a melting
point depreasant, Mixture No. 59 can be cast at 960C and sets at 850 C.
Its impaot sensitivity value is 30 cm as compared to the previcusly
mentioned 21i cm value for Mixture No. 38. It is planned to evaluate
Mixture No. 59 in a manner similar to Mixture No. 38 as soon as suffi-
cien R-salt becomes available.

Aluminized couppovitions containing R-salt also a' , being studied.
Ono of the ocmpoiitioez containing 56 percent RX, 27 percent R-salt, 14
peroent (6-m mAin ) aluminum, and 3 percent 2-nitrotriphenylamins has
been calculated to be 166 percent as powerful as TNT. This composition
pours easily and yields a satisfactory cavity-free cast.

When dH has been substituted for lOX in Mixture No. 59, the compo-
sitian is acre difflcull to pour but when cast yields charges of seeming-
ly highe me chanical strenst.h (difficult to break up by hand or even
ueng a leather mallet).

ftrtber work is plannd n the R-salt/RDX compositions, R-alt/Ma
ocpositioaa, and alundnied coositions, but the effort now is on

R-ealt/=DX compositions because funds ae lisuffi :ent to perform all
the work siwlta;eouslyo.

3X,3
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TeZ FEQT OF S3HAEP CHIARiGES A~T LWOi" ST.I)OFF L.GAtr:i-' AIRMCUFT

F.. Go S. Sewell
L. I. Cosnc=
j. Peason

Wiarhead Rese arc h BJratho
Applied Research Division

Propellants & Explosivos Department
T!. S. Vaval Ordnance Tee~t Station

sThin% Laket California

ABSTRACT

The NivalOrdnance 'rest Station is continuing the in-
Vestigatiirn 6f theGffot$ of shapod charges at long standoiff
iginst Wirdfat'itiuo.'ires. The damage meohanisms are de-
scrib~d* .in a-ttqmpt is.,made to explain, the processes

aotvo n~o~ii~jvaprifo xplsios.Usi results of
reetffr Aij**1&dmst ircraft struotuke3 prove conoltisively
that --pe 6o~j npd'o immediate or K-typo kbisa

a~aint~i~.t$~l a~ro -17h means of vaporif i6 ex-
Ploui6ax, 41Pi~tti'p 0-i*. elimnatid from the report to fa-

The,44 N &1 i'd~woe T0 Satin-ho ponrdc. thestud ttof theas

fth s tut ihaedhilei t vapo4i sto f aainsat riftfe t p rucues d nor. nly
Wle no~ne blat. Th aaemehns 6Arrl are tiein~ operati v saed cnarg
gven~ua cas e I dteen *on suictctn as the a Odnce Th~re st ctton has'i~

a ed th itere, stoff disstan endgeraevbti n ti omr n.bo n

sheq hae rge ll TMh ce (rh) perforation wke ofhiand hsuyr ve-
locit bomb o adsd (2)d varo t : etpoion, 7o4ev, te ofoanan pruedb
thme -1 mechanisms bejoe qipteatnt. she a -il roatk oplodes the in
dhe'sitrucithre frhile the vao ifl o stR'n~eent" oe produ ~ace damle viit

Y'itbral las. Whch amae, echnFIi iAllbpiaiyoeaiei



diameter which is significant when compared to th6 linear dimensL'ns of the
ta:rget.' Perfornt ion damage is the primary damage Przchnism for shaped charges
mnd y ith stee3 or copper liners, and is active, although not necessarily the
primary damuge mechanism, for shaped !harges with zinc or aluminum liners.

The vaporific explosion exhibits many of the same characteriserce as the
detonation of a high explosive char'3 inside the aircraft structure. zieparate
aircraft subjected to the two types of damage both show the effects of internal
blast. Structural failure mechanisms appear to b.: te same in both cases. In
addition both the vaporific explosion and the detonating explosive demonebrate
a sharp rit-off in the damage produced as the size of the charge is varied.
That is, as the .harge size is inoreased the resulting damage remains fairly
minor until a critical size is reached at which point the damage becomesI oaastrophio,

The shaped charge damape out-off is shown by the effects of a series of
scaled shapd charges with aluminum cones fired at 60O obliquity and 60 ft.
standoff against aft fuselage sections of B-29 bombers. A 4+-inch diameter
shaped charg " oduced only minor to nogllgf'rle Oamage of the perforation type.
A 6-indh diam't oba"re produoed minor damage similar in a- pearan¢. to that of
hi I.lWor 6 arObut with. a hole eiameter about 2 times as great. A 7J-inoh

diat4eir'h.r almoSt prOcuoid a X-kill with the appearance of vaporific damage.
An 8*-Inch 4itr harge produed an obvious K-kill by means of extensive
VaiOcr iia;* dmage

'So1eral'atmpts hay, bow made to explain the vaporifio damage mechanism.
AI "' '-
P.. .eap the moo.Pcdmon;t ',acptd 4xplakation "has been that the blast effect
priiidke4y vap 0aiic as th6 rea~l of the burning of the aluminum from the
aiira litsu well4 7theitw 'ng-of 'the shaped charge liner material. Another
expaatiow ft' crth -V ."'T. 'fett in air as yet unpublished wcO; (Ref. 2)

prop~a' measre ;t~h*~vaprifo mage wrhich would be piroportional to the
ma r ( °'t 1jpa6t n .'@aicle,- an- inversely proportional to the volume of

the'enelosureo with mo.ifitios for the venting and the initial pressure in
the enoUlours.

'Voiter of these approaches fully satisfies the date obtained from the
,actitl ts although Triffet's approach is quite good under certain conditi -

Oi1.'eburnig aluminum can release a large amount of enorgy t.'e con" ._L
which ,prevall duling the time that the damage is produced do ;,-.t ,pear t.

[ e ilt sufficient oxidation of the aluminum to take place. Furthern-c.ep the
burning which dours is OTied on over s'ich a relatiely long period of kl ne
that it would.jbt produce the explosive style damage that .s observed. The
debage piiou by apgrficps occur. so rai!Aly that the veating of the voltie
makes littl0ri no differerre, For example, in the ae of several Pielage
shots with 8*-inch diameter charges the structural kill was well ",nderway before
the effects of venting could possibly be felt.

A more comprehensive approach seems to be one, which thoigh it may ;,,. .
considered at an earlier date, appears to have been pass,: over in favor of the
4oAbustLon hypothesls. Namely, that the primary mechaniim active in tie vapcr-
ifio effect ia tl't Zapid tr :K-ormation of the kka~tic energy of the 4et into
aore random energy iA' the t4Lrget fragments and the broken jet fragments afte"
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tripact. At first glatice this may appear similar to te !ypothesis propc;,,c rj
TriffeT. There is c. consider.ble difference, h:;,wver, sjce the damaf-e depends
not on the energy of the inpacting partic'e but or, the z'.,ount of energry captured
from the impacting particle and redistributed in the test enclosure.

The process is visualizcO as occurrinr it. the following stcps. First7 the
impacting particle strikes the target. depnnding on tile materials of
the target and of the particle, the particle yields some of its energy to the
target. This results In a mass of secondary particles b-lng released from the
back of the target. The impacting particle may also break into very small
pieces which vi2t continue into the target volume. Third, the above situation
crtates a reg:.on in sp, ,e which contains a large number of particles that are
traveling at a lower veloaity than the particles in the jet which are following.
Fourth, t:o next particles strike the particle infentee region, break up, and
yield their energy to this fragment cloud. And, lastly, the above process
continues until an explosive expansion occurs.

As can be seent the vaporific damage will be dependent on the liner ma-
terial, the target material, and cspecial~y on t-e onerpy of the impacting jet.
The mout desirable jet material would be one which would shattur on impact;
releasing a large poridon of its kinetic energy to the rando motion of the
swtioles in the fragment cloud. From the delivery standpoint it would be very
desirable to have the matevIal stay together until it Lipacts the targot. These

\ are cbn'fliting desires, buT they are satisfied quite -ell by aluminum -:hich has
outperformed other liner naterials in almost all tosts involving vaporifics.

The ordir of performance " various liner materials which have been tested
fMt 'both ie comAbstion and tho energy capture hypothesis) for the materials
tewtq*Aiah1 broke up readily on impact were also chemically active when din-
pewse4 ''asfine-partioles in air. Several of the commonly used liner metals in
their 6rder-of descending ability to produce vaporific damage are aluminum$
a' el a-9opar,; Zinc can be rated ab equal to or superior to aluminum under
certaieitod conditions.

The order of the same matorials for their retention of ability to cause
perforatiou style damage as the standoff is increased is the reverse of the
order, for vaporific damage, copper being the best. Zinc definitely fells at
the bottom of the list for this latter series. The zinc particles in the so-u
charge-Jet are so fine that their velocity Is greatly decreased in p~nsn
through the airf ani. at long standoff very little of the liner material ea-has
the target#

The long standoff effectiveness of a shaped charge appeers to increase with
altitude up to some '.imiting value at Thich point the dt..ib levels off and
remains fairly coptant. Results obtained in the Naval Ordnance Test Stat.n
(',trolled Atmospheres Laboratory using small shaped oharges with aluminum cones
P.d decreased chamber pressure to siMulate high altitudes indicated that. in
general, the degree cf damage increaeJ narkedly up to altitudes of about 35,C1O
ft. and remained heavy up to 116)000 ft., the highest simulated Lititude used
(RWf. 3). Thn validity o? extending the results of thect experi., ;nts to full
scale situations is soocvhat ques 1 orable, but the trend of inreasing ef-
fectivwnsss u to some 4rlateau altit-de" would seem valc'd.
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The question of which mechanism or *.0cit combination of me.Mj.. ems ie
responsible for the vaporific explosions spoducei 1,, .tpe charges at long
standoff is an interesting ed important problen, Hovever7 regardless of what
explanation is finally accapteal the 'results o_" the recent experiments are still
valid and of considerable importanct t ziiose involved in the design and ev~Lul
ation of guided missile warheads.

Probably the most significant single f'inding of the recent shaped charge
tests conducted at the Naval Ordnance Test Station is the fact that vaporifi!
explosions can produce a K-kill to bomber style aircraft. This finding removes
"vaporifie damage" from the category of a bonus effect in damage evaluation to
one of pmary 1'aportanoe.

The other finding which should help to clear up some of the thinking
owosrning the use of shaped charges at long standoff against aircraft
structur6s is that the etent of the vaporifia damage appears to be directly
related to the energy captured from tho shaped chargi jet by the target volume.
This indioates tha'T A small shaped charge of any type currently conceived can-
not produce a X-kll by a vaporific explosion even at short standoff.

Tests now in progress at the Naval Ordnance Test Station and tests planned
for the near-future should make clear the relative importance of the various
mechanisms which, are activ, in producing vaporific explosions. As interest in
the largor anti-aircraft guided missiles inoreases, the usefulness and applioa-
bility-of"shaped charges for producing -kills at long standoff becomes of
increasing importance and interest.

I
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of Damage to Aircraft Materials by Sh&Ad Charpes at Long Standoff.
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2e Triffett, T. Us S. Naval Ordnance Test Station. The Mechanics of
VaporilA.± Damage to U.rcraft Structurec. (NAVUEW bio. 3490 (in press),
CONFIDNTI.U1.

3. U. S. Naval OrdnAnce Test Station, Semi Annual Technical Progress Report
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f2ti~ porio @aa smiius of grpxoso, status of research prograw,
or transactiona of comitteez, ore wlemed froma Linta3.ations in this and
divoqtIly roloW. $1elft of e~Adur.
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P[CATrIMN ARSENAL SHAHiD CARGE1 COW4ITi'ME:

ABSTRAOT OF PROMMEIM35, PIPflT P"A OF 195

C. G3. Dun'.A~

Samuel. Feltman Ammitiou Laboratories
Picatinny Arenal. Dover, 1 ew Jersey

It was recently ,*jgestedp,that from the Abstracts of recent Minutes of
tePicatlnny Arsenal Shaped Charge Coiuitteep informtion of general

Intereot and applicability be published here.* This review covers the three
meetings of the committee held l3 February, 15 April and 15 June 1955.* It
to belleved that such a review not only &voids Aueb repetition but also
show the progress of the various projects concerned bettor tbma' can, LAI-
uisual Abstracts.

The following statements my suimrise brl..f34 the status of shaped
abarg. research and development at the end of 1934s:

L- Zoprovemsnt In Intucosuwdction. among workers In the
field and dissemination of nov data to the onatner Is ohow
by Wier distribution of puplications and reports, and by the

U44ilegag ofa *joint development program ith lrnkford

2. 311 Ps o defeat*sI the liner, Iv#..,vemeut of
Its basic d48t and. understanding of the significance of
i0 to Setaugil struotu%# have so far advanced that further

t~e Op~tial e o~atlo byballistic rouads
4* tothe~~mlaiomlvelocity.

Miigsoures of nonuiffority, developing loading method
tol*iminato them and applying new ta -baiques to ibape the

detonation, wve for greater efficioecy. Progxeea bus been
mdtoapplying tb- re' loase wave theory to this study.

4. e'elopment of def-efses against tVhL ahapeal charge
Sopboth passive and active, has been expedited. Study of

shok vve nteactonsandexperinmat with '14ri1 have
thron I~t n th unqueresisting power of certsip

ftInformation repcrt,. at the meetings of the cosuittee 4urlinU
tefrthalf of 1955 soued Pzovee irt all foar of the foregoing phases,

an sreported In sections nmmberad to correspond.
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1. -Dissemination pf new ata. The Arthur D). Little, Inc. shaped
'chazge ifiza ure -v"= 'Tws given considerable attention. The ft',?t p1ruSX :5
report under the contract representedC .be first attempt to present '.helir flud-
frgs in a lngial ard orderly isalhion. 2 he mem~bers clt the Ordnanc~e Corps
Shaped Mharge'Ziesearch and Deve3rpserit Steering and Coordinating Comittece,
however, found it Inadequate, possibly because It covered earliar papers in
which Information was far loe onmpletely report,.' 1tan In recent ones.* The
ipression was seneral, at the JaniMr meeting of the coamittee, that ADL

van dzing the same kind of york1- a the Library of Congress and Michigan Sizate
WU3lp In ti.a preparation of their bibliographies.* The contractor had
taken iseasures to imoordinate effort with these agencies. The committee sug-
gaited ~trtr means of avoidlug duplication ana improving the ADL output.
The odrector now appeas to be opproeohing the original Intention, to carry

W'ioi- se~b*od ~ st~aeo abstrcig to break the abstracts
widu3. ng~M wo~4 avetodo for himself In utiliinig the literature.
T~aa fom lu re~w~ atAPO were recorded In a series e'2 tables In which

the d~~l44ou of, the various pareastere, uc4 as liner, chpxgc and target,
t~SA cl~mbgatu~. Dse ~'the data paseviously recorded In &amrct

fon mve)e xwrssd 6"--,in similaa tables, Listed thus, it is asy to see
the any ppe i .ftaffletioa VMMaly provided by reports.

Avaitwr bas U th e't t to vary only one pareameter at a time in
ebai~ o -rge ~$ eto'sucoeesdq lo often a variAble not Imown to be
2~tatba beU ipoed -W Adtaits from the val.ue of uch of the

i~ore in o 2 0 #0tIn t60* sy Well eery* 4s guides for future

of gtlv its,* attention Is given to a type of
liner ft 2ne xn=aociiiaspnnin aftoistio splaning, shear form-

64.&i~ ~ ~ I" Vhl VAA ta ogli with drawn liners, given them auto-
WU~l Ilil qt as obep as deep drawing for making liners by the mul-

it4 , #appss 1M fo ari Out, woditied !x~m in smll, loto for
davoI~nt w~oe; ~1dis ~ryveratie.D of HI aM dravigs for raking
t~ ~ ~'3D~~Q y Uis j~cis 1*e eenpurchased. A Lodge and Shipley
~utoin's~iiig inhineha. een'ord rfw this Arsenal. ProposaUl

for a feastbily Atudy of the proces wor ewnluated'hers for OC,

Also, knowledge of the effect of shear forming on rotation cow'-nsation,
sod developwent of procedures to inesuve thisevery Important effect, ane

0oqk, nrestone i6 trying to correlavt. optispi rotation rate with the
aorrspcn i-- ntctaigPmaeters o? the liner. Ma exact sechaniss

of Vhe effsect Is proving difficult to "rail down'% While large plu'stic
Wfontio,. can be &iven a metal bar by aareiy twisting, it seema t- a* of

a 4*tfewent kind fram tbat Imparted by autwAtlo spinning. Whben Eastern
L~io dee-drwn cpperlin r e given a cpi=nin pas inca lathe, they

p-roie vocmestona lwether annea.d or niot. Sofe, oa coure,
the ffet ws cnfied o te srtace, but apparently, so 1W the propertyr

+4--t gives "Lult-ln' rotation coupensatior. in ahear-.o-,ed liners. Mvh'
part of -'4- nprstion itt Craftwihich Is respoasible fc'r their better quality
liners may wot be the a pinning, bout the firal coining operation.
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Da1t metallurgical struc.-vle can affec.t the 39t is sho~~n definitely by
experinents with line v'a de fromr single-c.,ratal alminum. Such liners
appear to give bitu .cation if the 1-1-0 dire%.ti .is aligned &long the cone
axie# none If, the 1-0-0 is so aligned, %rd 7t .1 bifurcation in inter-
mediate alignments. Machining break@ up the sagle-crytsl structure only at
the surface.

Progress continued In rotation compensation with fluted. liners n4
e quiy i 'C flt making alectrodeposited4 dies, for Imacst extrusion of
such liners, that a-,aud up in production. Penetration of 8" with 57 mm
ones ree been o;)talns& at roation epeeda of 150-200 rpi. Results with
75 = onssai-t Caingie Tto Indicate that comnatoA can be obtained In
tuig &aIilro' at -pee huhtebAnke were not up to standard. The

tlutU lie'Ladfntl suli estviwd prprl, ofgiving good pen*-
'taton at-its doesped spin vate Iscet Uirlage In teM wihfluted

l~nrs lsooo~rwthe se~iority noted In the .(334 firings, ot ballistic
114rittlilia 1A Ola ititon. EltvinatIng the possible *Mfets of Oill
othei feotor 34aves a diffrence of 80 stll to be accounted for.

Flued ~aws~it Inexakgle frl 'to *a 4.0 although apparently
pod 46"Wil"'ly ite1 em poor peertin r failed ompletely to

~~a~psaateU S AWex suglato abot'50 'iccA UM-e the design to
y"f V U~eIs eWtls O "A lou.m ti i m a ut ohnes i this angda,

thi~ae 117(to~roinigsOi*pMaionC appears neoes-

~ ,~ te~4~*~s's~J liercotlds It hsdefinite pouaibIli-
~is fo'v$appe~tc~. ~ rie ith *-MO and the 3.5"

rocket hb lt4A ib ' A4PI ivlatar~ev at %mle Pnch acm lots
~rsK~in peetrton with stMa-

rheral *4n ititinan gie sqw VerW ~4Pone1ratious. nbIe large diaper-
$I=n .tii3 eIo~wtered wxrely semi W.o sht tt nobody be* been enent cooug

to asetbqeffctProperij. jet lityl assswM -by flash radiograph
at Ornegi. Tech hae shown) no shm4ip cnp In the jet -due to the break be-
tween the tub angles. A tripie-fishX-ray eysteiaiigned fmr studies of
WO,# Mtv hn as been set up at this Arseft.

D tie cast IMo liners ft. the 3*" rocket head Gave 73% of the penetm-

Alia :'iie -with coppor iners. Fnvg&cut3 w~ra fcfratd in every firing,
instead of a o t slug.

I~d~fi~tof 75 anIs~ K33 UT BA!Oel by remving ':*. shoulder from
--*b O te 9"0 ~e penetration slghtly, but n~t as mucha

expi . At~Frson ru easier and less _tostly to mxke thaa the
Iape4*1W0 us.ed in the Qlv.z 'srd 3.5" round gwve ulightly poor.: yeneten
'line$, probbly becatuse of the ccmlA elfeat oa the change In end confine-
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At'Frankford Arsenal, progress ",s made in the coordinated liner meta2.-
lurgy progrun. Attempt's to prepare 5G 100-lb batches by shell molding
encourtered difficulties, but a batch of 120 - 31" liners was comp2eted -nd
prepared for final inspection. 'Me-iianrical properties are correlated witU
casting conditions in a forthcoming report. In powder metallurgy, shrinkAge
occurred during sinterx j, with appcarance of cra . at the inside joint of
wall and flange, but this problem has been solved. Electroforming gives
•higheet density. A new planetary gear will permit electroplating several
liner's at once, with very good uniformity within the group. An extensive
program bas been inItiated to coordinate bath conditions with physical pro-
rerties of the elotrodepouited metal. In (lie ceasting, the present effort
stresees potifecting of damensional control, and overcoming faults of the dic.
so as to provide liners which vill be within the tolerances as cast.

3. Imvement of the explosive charge. The program for comparison of
p oesed and out explosives was completed. Shell,106 mp wcre press-
lded with A3 to density 1.63 aM with ADX composition to densit.es in the
range 1.66-1.70 for comarative penetration tests with cant ccmpomtions.
Of the five pressed explosives tried, 3 gave results better and with loss
dispersion than castOu" Be

A* D. Little, Inc. presses 80/20 )OX/TNT to density ca 1.5 with about
the a" sensitivity aw Omp P. Tho constituents are cop6rcipitated from
warm acetone solution poured into agitated cold water. Like hot pressing of
Z RP T/, however, such methods are difficult in large-seale production,

Decration of cas CoMp B increased its detonation rate one per cent.
On Investigation of alternative methods of loading, particularl) for improve-
ment of lethality# 9jorksten Researeh Laboratories suggested the following:
film technique for stuiying X-JT distribution, colloiding by gelation
agents to xpmove uniformity, wetting agents to Improve charge-liner contact,
mebanical removal of TNT crystallizing on inner surfaces, coatrol of crystAl
orientatioh by une of electreta, and combimtion oj" pressue and vacutm cost-
Inge

R.salt, the nitroso-analog of RDX, appears far uuperior to 7IT as L-
additive to MD from the viewpoints of both po,!er and senuitiviy. A" * 1-
,ient stabilixer has teen aeveloped by Arthur D. Little, .Inc. =r=mge o?
the R-Malt X mixtuiv on solidifying is mach less than that of Comp B.

Difficulties in loading of shaped chrges are being attacked by use of
such expedients es a thin r mg of Lold par*".1n, TNT or plastit around the
base of the cone. In the 31 RMfle Grenade, however, auch use of TNT tave
poorer penetration and wider disporslon. Such a filler should give a reason-
able shock impedaace mtach with the explosive, In general the effect i to
decrease penetration slightly Lut decrease variability. Puch exp-dients
should Vake n9 difference in t- alrcady loaded properly with HE, but
msy permit cast loading of wi'.re poverful explosives, too viecous to be loaded
properly witbot great difficulty.

I

CONFIDENTLL



CONF)DENTIAL

eidem shaped cnsrges offer the I.xb1jity of deeper penetratione ti"'n
otherwise poisible within limitations of c'Aliber. For larger calibers, where
extreme depth of penetration Is not critical, ouch charges offer a p3,tuible
rieans of insertlon of incendiaries, etc behind the tarb ,2... Promising results
are obtained with use of a 3.5' M2~HAT head as the rear charge and a 90 mu
T18 head 104th the flash-bach tube) as the forward charge. lthe intention Is

-'that the jet from the rear charge traverse the flash-l-Aick tube of the forward
crAand Lbat the slug Initiate it.* There Is some evidence of successful

double initiation, and good n!etrations are obtained, but Additivity is not
conclusively established.

Aluminum body devices and copper shaping cone. gave encouraging results
In fiine tests.* Work at Carnegie Tech showed that thin alumn= inserts
do not change the penetration; the jet formed ip Pluinm only at the tip,
aid-penetnation io the some as with a copper jet. The inserts, unile the
Breldsnb asvigeis, perform in accord with the simpic theory.

UL h as colJaborated vitti PA on DAR~T and 1ACros.,e. In the latter
ther is-lemy for moving the liner back, reducing the- weight of 32, and
reusing th, weight byaddition of incendiary to the front end. In the DA1T#
however, peak performance nost be a'zttlno within forced weight restrictions.
In the-3*" thero to even loe raom fox adjusteent. Before docidIng Obat
extra waigh can, ba tolerate&, we must know better what loe of perfoance
thug sans*

Carnegio Tech boa developed a now theory of crater formation which
predicts the relationship between t'ament energy or velocity, and hole
volums, for thin or t)4lk targets. Arthur Do Little, Inc, suggest that
rWYlUigh-TYlr instAblUty may be invoved In sow caesa of liner collapse.
Tesy poiat ou', also that mowntu interchange between ealug aud jet appear
to-)ave a stiple tormJAtion In collapse of fluted liners. However, the
064plAetary effect of interaction of angular mometu between the explo-
~it- products and the entire liner sust bo at least equally important.

k.Defense. lethality and beyond-armor d=Wg.' In further "p~eri-
"saut 12trfli at Owegie ich, various ;ateriAls$ minW, low dttt"Ity,,
Wvbsreu trried In heavily confined cells. The density law is folowed
closely-at dezaities above 2# but between t.uits val.ue arA zero the equiva-

letthickness reaches a mxlimum, superimposing a 'hxuQ" on the simple
lerbot representing accord with the densitj ,

Cpecil steel rod 5" - 7" In diameter and vey. uniform, In hardness iy
provide batter ad cheaper targets than m~d. stcel plates. Cutting costa,
vhich axe Importamt, muy be cosmable.

At BRL, fraga'et disei~,riution from homologowaly scalea char'ea an
affected by rotatoa 13 being studied in the attenrt to a~e W are
rational tak kil. criteigo *1um the 2' overmtch, It nay be posaible to
specify lethality %quirezents more intelligently.
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it tme meeting of the Ordnance Corps S&eering Comuttee 4 and 5 M y,
pcnetration theory vas discussed ex .- ively by representative Irem the
Food Corp., ,Conv*ir, BRL and others. A report of the proce-J Laa been
submitted to this Journal.

i
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TO THE EDITOR

This section of the Research Report is intended :or the publication
of brief discussions of current work of iut rest and for the announcement
of important new developments which waxrant being called tc. the attention
of the other people in the field.

)Wnuscripts should be lialteA to 600 works or less. The Editors and
thEditorial Board do not hold themselves reeponsible for the opinions
expressed ly the correspondents,
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Predicted Effects of Confinement or Shaped Charge PerformenceO **

R. J. Eicbelberg .r
Carnegie Institute of Technology, '?ittbLgh, Pennsylvania

The ,ne-Jimensional theory for confined explosive charges developed
by Droesen1 her ueeu applied to shaped charges by means of the release
wave theory, inthe see fashion that the one-dimensional theory for un.
noidined charges was used earlier. The procadure is somewhat more compli-
cated because of ohngs in procedure required for different ranges of
cAu (ratio of eipsive mass to liner mass). The details are de3oribed
in a *ormal report

The results of the calculations in general agree with the qualitative
ideas developed intuitively in the past. ce of the resuts are sown
in Figs. 1, 2, 3 d 4. Figures 1 and 2 show the collapse velocity end
the ijet velocity, respectively, as functions of the initial position of
*.he -ereat liner element, ir 9Al copper cones of wall thickness of
OO25 in. in standard charges. Calculations have been carried out for
uneonfined charges and ror steel confinement of tbicknesses of IA6, 1/8,
and 1/A inch. The plots indicate that the confinement has no effect on
the Set fomed by the upper 2 1/2 om. of the cone. For the lower part of
the 0e449 the collapse velocity is generally increased by increased con-
Moent thiknes with the effect being more pronounced as one approaches

the bottom of the liner. Calculations have also been carried out for liners
similar in All respects except wall thickness, Curves are shoun in Figs.
3 and 4 for cones having wall thiekness 0.050 Inch. The notable feature
is that the effect of confilnamw.. is evident nearer the top of the cone andthat the effect to everywhere more pronovinced:.

Qeitativelyy one would expect from these clcalatioris that the depth
of pnetratioe and the penetraton-standoff curve would be very little at-
fested by the confinment of the charge. This agrees with available experi-
mental data, On the other hand, one itould expect considerable increase in
the hole volume with the addition of confinement. especially for thick " loI
liners, and e.peoi!!y for the part of the hole formed by the rear of ure

e.t. This is also in aWreement with exF ariment. With regard to tne more
detailed behavior of the jr,, one would expect that, although the to-,a denth
of penetration would be relatively unaffected by the addition of oo.a-femunts
the relative contributions to the %ole depth by various portions of the liner
would be changed. Specifically, one would expect th*+, with increaseC con-
*fneeem, the bottom part of the liner would ccntrioute a greater fraM on
,of the total depth of penetratico. For this reason, it seems likely tuat
details of liner mounting, quality of %he charge around the base of the
liner, etc. wight be more iam-rn' in heakvily cerfined '.argts then in
lightli confined or unoonflinad chve,

**!asioed 9 Aug.in 195b
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4

opper 19AI Cone

Linor Wall Tiokness 0.03 5 in ' i

0 1.0 2.0 3.0 4. 0 5.0 6.0 7.

x (ami.)

Figure *4 Cop*4td Murvaa of collapse velocity aa a function pooition
o0the dnar elemnt for cone.s 00375 In. wall thicknons.
Co~int ivnt varied as indicated.

0,4 .

Confinement,

~0.2 COPjr 1 IVA1 ^onGLiner Wall Ibicknoss .0375 in.

0 1.0 2.0 3.0 4. 5,10 o.0 .0

x (cm.)

Figuro L : Conputed curves ,f jet velocity at o. Pinot.on f initial

pon£t'.,,, ,X" p-rent liner .cleir4', for cones 0.0375 in.
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0°' -- ---

Joppor H)A1 Cone NO

Liner ..all Thickness Con,inuent
oo1 6,0125 in.

$3tool Confinemort

00 1.0 2.0 3.0 4.0 5.0 6.0 7.0

x (04.)

i gure Is Coiluted cui.v#e of collapse vtlocit.y te a function posit.oL~n
of the lner eltfment Nor cones of 0.0125 in, wall thiokness.
Unl~oufnt va4.eod to Indicated*

0.4 6

*'1 Io.-
Copper 1.-6o Cone No i/I

*Liner W ll1 Thickness c°nf e

0.2 Steol Con nent

o 1.o 2.0 3.0 4.0 5.0 6.G 7,0

x (Cm.)

Figure P: Oowted , -%vt of iat velocity vs a tunc*Jon cX initial
r Atton ol' parer.t liner leraont, Cnr cones of 0.0125 ii..

ttickneass.
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*The ivork described in this paper was carried out under Contract No.
DA-36-O61-ftD-453 with Balli stic Research Laboratories and was reported
in the Third Qu,.arterly Status Report, July 31, 1955.

1 J. A." Dreesen, "Theory of One.-,iimensional Charge with onf- e 4
and Liner," Fundamentals of Shapud Charges, .C.I.T. First Quarterly Status
Report, Chapter No. IV, Contraet No. DA-36-O61-ORD-453, January 31,1955.

2R. J. Eiohelberger, "Predicted Effects of Charge Confinement on
Jet Ytrmation," Fundsmentals of Shaped Charges, C.I.T. Third Quarterly
Status Report, Chapter No. I, Contract No. DA-36-O61-ORD-453, July 31, 195.,
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The Distribution of Metals in a Jet fr.,n a Bi'Ie.o! Liner **

G. H. Bryan
Carnegie Institute of Technilogy, PittsburFh, Pennsylvania

In the course of their work with composite copper and aluminuc
liners, the Firestone Tire and Rubber Company has in ° iigated the
penetration of a 105m charge containing a 100 mil copper liner and
a 20 mil 41Wenm insert1 . It was found that this combination gave
penetrations whiuii differed little from those obtained with the cop-
per liners alon6 at a standoff of 71 inches. If the composite liners
produced alminum jets, the penetration should be conaiderably less
on the basis of the density law. It was felt, therefore, that, for
the particular charge geometry end standoff involved, the division
of mavs between jet and slug, as a function of~ distancfe along the
cone axis, was such that the jet contained a large proportion of
copper along most of its length.

This might be demonstrated by determining experimentally the
jet velocity V and penetration rate U associated with a par-
ticular jet element at a gL.ren point in the target. These quanti-
ties re related to an effective jet density ), by the equation2

lo - , t U2

In *Ich the strengths of targetpd liner have been neglected. For
a jet ae=posed of one metal, A j should decrease with inoreasing
pentration depth because of the breakup factor N . For a mixed
$t 5 ('. alec depends on the dejUh. In particular, if the jet is
priawil allminum near the tip, but contains a large proportion of
-- p W t.th back, then it is quite possible that X t will in-
orea 6 iderably in the region where the copper belti to predomi-

A livite4 number of these charges was made available to C.I.T.
for such an invewtigatiop. Streak camera records of the progress
of the jet through -aced target plates servsd as the basis for tet,4-
mating V and V aw functions of position in the target.

Figure 1 is a diagrwi of charge, target and resulting record.
The heavy lines are those actually '.bserved - the slopes representing
velocities of different parts o' the jet. The avvrnr, penetration rat*
through a given plate is represented by the slope of the dotted line
coeting the incident and emergent jet velocity lines. (The instan-
taneous penetration rats, of course, varies continuously through the
plate.) We associate with thi, - ij.age U a V which is the average
of $ie incident and emergent jet velocities. We can than calculate
X , for a given plate position z . The target used 4onsiattd
of 2 3n. thick zItd steel -!eaes 4 in. apart, at a 71 in. standoff.
The results ior t'0 copper and two composite cones are listed in Table 7.

*ON46iVETd .4 Y 1953
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Table I.

Copper Copper Compolte Coposite

(in.1

0 7.2 6.1 1.9 1.9
6 6.2 6.3 4.9 1.1
12 I. 6.1 5.5 4.0
.. 5,5 3.7 3.3 2.0
24 3.9 1.7 1.1

The result-indicate that the tMat one or two plates are penetrated
by a predonbanty alymium jet, after vwhoh a considerable proportion of
copper is apparent. This means that, In a solid target at the sam stand.
offs roujhy 3 or in. of the total 20 or so Inohes of penetration can
be attributed to aluninun; the rmainder ia '4", to a jet in whic, copper
predominates (on a tight basis).

This picture was stbtantiated qualitatively by an exAmination of the
target plates. The hole in the first plate was coated with metal which
wa" quite, definitely the color of aluminum, In the rest of the plates
the coating we yellow end had the appearance of brass.

It Wa fotw by lirestoui that, at higher ,sta~n~afs, the cooposite
cone is defitey inferior to the coer oone. The Set has lengthened
suffiieitly so that the alwinum front end plops a more important role.
At a givm standoff, Increasing the wall thickness of the aluxium in-
st should deorea.. the penetration since the copper wil not begin to
p R16e0 so soon. !nesrt& o' O.j in. auiwno, tested by Pirestones,
gaVe csiderably staller penetratios.

*The work deschibed in this paper was corried out under Contra,.t No.

DA-3"S. 40 ith DABlistic Research Latwa-tories and 411 be reported

i thitalo An-Tank Project," Firestone Tir. ad Rubber Cmpa.
FortethPrwo- s R*ort, Noweber 195#, Contrct Wa, DA-330-ORD-.5)
sad DA-33 403.OilD.1202.

2R.. J. Stibelberger, wiEs-S ination of the Theories of Jet Forzatiin

Md Target Pwtration by Lined Cavity Charges,* OM Rnort No, 1. rnegi
Institute tit Tiohnology Contract go, DA-36:A-O&-394. aue 19;4.
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Nlote on the Distribution of Metals in a Jet frmrt a Bi-:iA3. nr

Carnegie Institute of Technology, Pitt ?o-rh, '-sylvarda

The distributon of metalt- la a jet from an cluminum lined coiper
cone manufactured by the Firezxtone Tire and RubbFr Company has been iv-
vestigated on the basis of the Jet velocity distribution, the 9enetration
rate into steel, and the hydrodynw-ic equation .' penetration. -The resulte,
wh-cb ve'-e reported in a previous communication to this journal-, indicated
tlx'. he jet behaves like an aluitum Jc during a relati'vely small part or
the penetration process, and assmes the ;.nracter of a copper Jet for the
major portion or Tne penetration.

This picture can be compared, at least qualiatit ly, with the theory
of the collapse process by predicting the relative aaounts of copper and
alwinn entering the jet fra any point on the cn e, The prediction can
be tested by direct exmination of the slugs.

The division of mass between jet and sluK as a function of diatance
along the cone axis i- estimated from the charge geometry alone, , means
of relmae wave calculation,? and collapse theory. It is then possible
'to estUmate the soun f copper entertng the jet along with the alusima.

cpiic&Uypy, it o and Ka  are the mass per unit area of copper and
alumaim respectivey in the-undisturhed cone, then the total mass per
umit area of the cove in Kc + a , and the portion entfring the jet is

• (Me + Me)•
~da

Whmere t/4!is the predicted fraction of cone mass wich goes into the Set.
htiAs I'Mm Us3 off copper per =nIt aroa& -. ich anterz the jet is

" +t("c ) Ma

Dividing py the denity of copper we obtain the thiclcea a of i,,pe- c-"clb
uting to thm .et

The calcoalted division of the wvU, over the majr portion of the cone,
ls@hown in Flp we 1 for alumimn thijk. ses of 0, 0.020, and 0.010 ictle.
The pecent. copper by vaftht can he estimated . Unese resito. For the
2D MI Insert the value ranes froa about 54 perment at the tip t- about
7 percent near the tall. For the hO ni aze the range in pjro a4ayl
23to S percent. It is reasnable then o expect tie 6,0 u1 case to
approach the perfornanco of a true ai'luinum jet _radicted oy the de-rity
law - that is, the penetration should be around *,. * tima t
of the cOe A Jet. The ratios found expariuntal by" Fire tone fr zand-
offs of 7.,, 1S, ant' "I in. were 0.57, D.AB, and O.Sl respectivey4,
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Slugr ° oi Linters having insarts of 0, 20, and h0 mils were recovered
in rock wool and sectioned at appi'oximataJly u. in. in"sn,,azL. No alim.num
is apparent in the first tuo cases. In the 40 mil case an irregular cavity,
pe-tlally filled with alo:nml is found along the axis of the slug. The
navity is ouite large near the apex and bi-ins to taper off toward the base.
This result' indicates that the estimates ol, imj/dn are too high, inasmuch
as. they predict that all of the a'i.. will enter the jet, even in the 1O
ril ease.

*roIve 6 Auguat 125

*IThe wo described In this paper vas cuTied out under Contract No,
DA-36-C61-R D.s3 with Ballistic Research Laboratories and was reported
in.the Third Qurterly Status Repart, July 31, 1,055.

20 Ki Bryan. *Me istribution of Metals in a Jet free a Bi-K*tal Linar.u
(DITORIAL WTE, See pae 382, this Issue)

I 2R, J. ichelberger, "Predictions of Shaped Charge Perfomant- fr the
Release Wave Theory," status Report No. 1, Chapter I, F wd entals of Shaped
Cwpa, Contract No. DA-36-06I-OD-39U, Carnoge Institute of Tcciolo&yt

Jaary 34954~.
3R. J. Vicba.h rger, 'Re-Fxminatin of te ihec i v of Jet Fovuatieu

nd Target Penetrarton by Linad Cavity Charges," CF1, p. No. 1, Carnegie
Utituto of Teftology, Contract No. DA-36-061-ORD.39 , June 1954.

a'Battalion Anti-Tank Proae-t," i. setor* Tire m.-I Rubbe,. Goipany,
Fortieth Progress Report, Noveiber 1953, Contract Ns. DA-33-019-ORD-33
and DA-33-019-ORD- 102.
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Eaongation and Fraoture of the Jet* *

R. J. Niohelbkrger
Carnegie Inistitute of Technology, 1-,.ttaburgh, Penne.'vaaia

A first. attemapt has been ipade to develop a qiaant!'"eivo formulation
for theo e o ,gvtion of tho jet formed by a charge of known dimensions and
;%ateria.u. In ta~4 formulation, the simplest possible aissumptions have
boo*n made, in lieu of inforuation, concerning the ductile behavior of a-
te'1als under the conditions exjperiena~d by a Jet after its formation.
The chief purposs has boan :!mp!y to find a basis fcr quantitative analy-
sis of weimental observations, wooning jet elongation arid break-up,
that a'an be modifed "s more information In Obtained,

The, bate of tin-formulation Is the definition of jet .longA'on by
_- -4io ns -i t t e equa"4o

(dx/dV)t*,x

~~~~~ 9@gtOI4 1Mo~ instantsMQIA position at time t of
'~e *it4~tfowrn4 66%i thA'Ai~ "4t lzitall at ostov AIh* t aelott T t* I's -te value of, 't at the instat a

Sj-.14 k IS forme. bun tis defiition vMt the glerlized
the~q o f tfaionia, the eOtt=io can be rtten as

!~y ay f ~' Ws~at4a o t dyl~aino hs ~mltocln
lat~ns a'~ b.~n crvid ou fo I /8 i. (9A~) oope~~ne In tu(2)r

0.1.?.~~~~~~~~~~0 chrC ,:ti"e o je ei~c e.a l~ ~& fthe

q*e~ew Aaft ol *A j'6a h ayo o6as nge
368toIt eansdcie ni
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release wave theory3 and the generalized theory of jet formatioi,. The
po ition at which fracture of the jet occurred was then calculated !or
each jet cla.ent, asa3wing that each klment frata.us when e for that
element rises to 5.25, and plotted as a function of the velocity of that
element. The predI.cted curves of dV/dz (the ve.ocity gradient in the jet)
at the ,ime t* is shown for 22 d-t,. and 414 deg. cones of wail thickness
0.0375 1 in Fig. 1 and the correspanding curves of zc as a ftnctioa o
jet vvov' y in Fig. 2. Fiiuxw- 3 and 4 show a similar set of cur v i cal-
culOi for 4 dog. cones having wall thicknesses 0.0125 iu. and 0.0375

,

*The u o* selbed In this pua.W was carried out under Contract No.
UL-36-061I with BalUisto Research Yiboratories and was reported
in the ?Mft ()"aWly Stantus Uport, Jul, 31, 1955.

I," * , . * # J- tg~gwot j*o oker, 'Theory of.?,t
iw. the by Chirgoo with injed tCoia3.l Cavities," Journa of plice

j~Yeia OU 23, -No. 5, pp. 532-536t May 19.52,

24. J. 5Ik;JIa4bswj O R-ftsdation of 0.-. Theories of Jet Fors-

tiona od Targe eipttSasi b L~~~CavIty Charges,' CEL Report ... i It

3R j~ z~ Ujnbergar, irnrootonti ot Shaped Charge Perforisance from
thIRles Wave Thoory,' Transactions of Byaaposinn on Shaped Chargeb.
iie. 7-9t 1953, B.R.L. Report No. 909, p. 19?.
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0.3

99A1 Cu Cones

0.1 - - -02

0 0.2 0.4 0.6 0.8 1.0 1.2

Figure 3: 'Coxputed velocity rudient (%tken at the Inatant or

Jet veloolty.

- . -1 ,

26'-

/ MA1 Cu Cones

S0. 0. 044.61~L -

!g:ur! ' Computed vlhtes of locati,.n at which "rvtcture occurs la
jet n a tfnctioi of jet v~lnenty; ,]'nmltion a smne% to be
ek-wtm, equal to 5.25.
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I Conpensation by Fluted Liners* **

J. A. Dreesen
Carnegie institute of Techtyology, Pittsburgh, Po:nsylvania

We have recently? described a theory that was developed for the
prediction of compensation frequeno-teo for iluted liners of ",, (I,;)
typej Specific asueptions that were made reqarding the relative values
Of various liner parameters limited the usefulness of the theory, so that
no 6parisons were possible with known xpertrental vusulte. We have
since e tideo the theory to inolude more general liner designs, and cal-
ulations ma no- be made for rany designs for which experimental results
eawailable.

We has caried out th, oalc lations wahich prove to be rather lengthy,
-for tin-NO cific dao n. The parameters were chqsen to represent an le-
ment 0.70 in. from the liner bhe for the series tO.O 1(4 6 x O.OlO)(aa)(1)),
for which experaental resulteare available. Unfortuaataly, however, through
a ziaudfrftandte the wall thickness chosen for the caloulations vas probably
about 10 * cent t~o lUrge. We eomps-e the resulte of thasa ualoulations
i th-ei mruent n Table I, the experimental results being taken dirvotly
ftr 1 , 11-1 of reference 2s

\ Indx iAngle e' Oaloulated Compensation e m Observed Optimum

(dog.) ' (3*p.

6.3 .6 ;0 8520.? +160.? 7 :170

h view of the rweaeroaamaptieAs involved in the theory, the agreeent
'be1 the calculatio and bxprlent isenomenally pods It should be

I . f the 4,IU ~%hQ that the beerevS op weua frequency in neoesa y a. ~ ~ m -, ... - ioe veht .asan valuiof the "twation trequencies for aliZner
AW ,i go$* boverarp but wihout much bad*#, that this should

I j ...... . ~oe~~i'degree at ameki . We at not prepared to goes the effect

i " ..... r , t _ t* 4 the Affect of variations In o~hew parameters W ven ..

*a#i.l@.i, ii.h In one case, at least, is probably unerlatio.

I ib~esoa euatipss as w1s, an fUrtbe c ~alculations -which ere pl1wedq o Auftrowmw.ii' 33 1t an the potantilitise of the theory# ,id

~edieu~e4 iwa Ufl later.

' *40eesidw AVgt 1965
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*The work desuribed in this paper was carried out under Conra. t Nlo.
DA-36-06'L-ORD-1L53 witb Ballistic Research Laboratoriezs.

I J. A. Dreesen, "Theoretical Treatzvent of Fluted Liners," Third
Q uarterly Status Raport, Chapter V, Carrqie Institute of Technology,
Contraci No,. DA-36-061-ORD-1453, Jr-Tv 31, 1955.

s% . Bcker, E. L&. 4:i~ tuid 1. J. U4 holberger, er-ental
Obaervations with 5?!9( rluted Linfirs," Second Quarterly Status Report,
Chapter II, Carnegie Inatituts of Technology, Contract No. DA-36-oft-ORD-I45j,
April 30, 1955.
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'I, 57 am. Flated Liners* ,

K. R. Becker
Carnegie Institute of Technology, Pittsburgh, Pennsylvania

Ecperimenzal results from a s -9!eo c 57 mm. 'fluted copper liners
bhow that one lot of the series hos performance characteristics making
it suitable for use in the 57 ma. RAT round.

Th'4 series of liners presented here have the general C.I.T. dosg-
natiou 048 (16 % .0175) (SS) (0) with a base diameter of approximately
1.89 inches. The ten lots making up the series differ nominally in
Irdex anglo; the indexing ranging from 0.5 dog. te 21 deg.

All liners discussed in this paper were cast into a 1.883" diam. x
3.78* Composition B charge, confined i a plastic charge head, rotated
in a shaft rotator, and fired at 2 cone diameters standoff into stas
of 4" x 4" x 11 mild steel plates.

The performanoe data from the ten lots are summarised in riguze I,
which Is a plot of optinua frequency as a function of index angle;
orrespondln pnetrations are found In Figure 2, a plot of penetration
vs, optima frequency. Tadng into consideration both performnca
charaoteristics (optimua frequency and penetration), it appears that
LWt W-il, which is represented by the first point on each plot has the
mt interesting performance characteristios; it bas an optiam
frequency of 4mt 200 r.p.s, and ponetration of 7.3 inches at this
froqenyc Better penetrations are obtained for. lots in the indexing
region of from 1 1/2 dog. to 12 dog. however, it may be noted by
inp4otiug Figure I that optiima fmquenoes are too low to make these
lots partloarly interesting. For the Iota with index angles greater
than 12 depose, ?lgura 2 abho the penetrations to be quite low.

The promising performanoe results rrom Lot W-11 prompted further
iAesigation of these liner. 100 additional liners were pressed ana
ad twenty of then were cast up and fired; the spin rate was 210 r.p.s.
wUiob is at or near the frequency at which field rounds are rotated.
?usitration results from these shots are tabulated below;

Shot # Pen. Shot # Pen. Shot # Pen. Shot # Pot.
1 6.2 6 7.2 11 7.2 16 7...
2 8.0 7 6.4 12 6.? 1? 7.0
3 8.1 8 6.2 1 7.4 18 8.0
4 5.2 9 6.3 14 3.6 19 7.2
5 7.2 10 5.0 15 7.7 20 6.9

*e2eoeived 9 August 1955
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The average penetration is 6.8 inches with a standard deviation
of 1.1 inch. PeJeting the 3 poor v;os (#4, hj.0, #14) an average
perie r tion of 7.1 inches is obtained.

In order to determind morm r'ecisely the optimum frequency of theso
linere, twenty rive additional linern wgre cast up and 5 each fired at
170, 180; 190, 200 and 220 i. as. The results from tbwev tweutj-'-
shots; tho twenty shots fired at 210 r.p.s., and 19 shots from the
original group of W-11 liners are the basis fnr the plot of penetration
vs. rotational frequency j ie-ented in Figure .. An optinia frequency
of 185 r.p.s. and penetration of 8.0 inches in ierpreted with the
"cistanse of a symmetrical curve. The curve does not reprerent
penetrations at 175 r.p.es. and 200 r.p.es very well. Aln the ohots
at 175 r.p.e. are from the original group of cones received and all,
shoto lying above i':* curve at 200 r.p.s. are from the new shipment, as
were shots in the 170 r.p.es region; consequently it appears that 1/2
to 1 inch penetrations are obtained with cones from the new shipment
An investigation of the difference between the owo shipments is pending.

*The work described in this paper was carried oat tuider Oontract
No. DA-36-06i-00-453 with Nllistic Research LaLbcratories.
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j 75 I Fluted Liners' "

h. R. Becker
Carnegie Institute of Tcchnoloa , ittburgh, Pennsylvania

Preliminary tests with 75m fluted liners suggest the feasibility
Of a liner design with performance characteristics sutable for use

nthe ?,nTm AP round.

The serration depths are a nominal scale of a successful 5,mu liner
doaign. The 75m liners tested have the conventional C.I.T. designiAtIon
[/069(16 x .024)(s,)(5 4g.)J, The number .024 in this instance is
the flute depth (inches perpendicular to cone axis) at a reference plane
located 0,394 in. from the cone base. The flute depth versus cone height
relationship is linear,

The liners were cast into a 2 3/8 in. z b /h in. Comp. B chargo,
econi.rd in a plaottc (Synthine) charge head, spun cn a wire rotator.
end tired at 4 3/4 in. standoff Jmto stacks of 14 in. x h in. x 1 In
mi1dI stea. plote. The pa-formonce curve is given in Fig. 1. An opti-
mum friTency of 132 repo* k,e lterpreted with the assistance of a
$3uietrical curve.' The interpreted penetration .% this frequency is
10 in, IbichI C=orrpodein j4 5 wr~l enOf I"-;M
tamied with tho smooth parent cone fired statically, Also of interest
is thi beat shot at 150 r.pes, Which gave 10.4 in, penetration, Varia-
bility of penstratIon at opt~mm froquency and 15D rep.s. is rather large,
howevr, no greater than with the smooth blanks fired qtaticalI7 and can
A* possibly be attributed to a combination of poor quality smooth blanks
ad the base aligment technique used in charge casting.

Results from thit proup of liner are somewhat encouraging since;
ith slight changes in liner design, an optimum freqaenoy of 183 r.p.s.

aod comparable penetration shotld be entirely tvzible. Niue other
poups of ?7. fluted liners with indexing varying from 0 dag. to 21

4o. have been received. Further tests and a more complete investiga-
tion of 75a liners is under vay.

"The vork dA-scribed in this paper was carri ,j o'i 'txdtce 'Cor.tract V-.
DA-3606ll-4.3 vit. P.,c Research Laboratories ad will be reported
in** *A4 hn vt.- tfly _1a; u T-,- 31 95
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J Fisizwr 1. Plot of t'ae perforpm~e data tu~~lot of 75m ted liner.

379

i CONFIDENTIAL



c0NFIDF ITIAL

PASH RADIOGRAPHIIC SrUDY OF SPIg COuPENSATION

WITH 105LM FLUTED LIARS _)*

J. Simon

Ball-tio Research Laboratories
Aberdeen Proving 0. :',idd karyland

Flash fa lopaphio studies of fluted liners at the BRL have been reported
previously.l). 21 • The Firelbono Tire and Rubber Company haj providtid us with
another 106m cone do:ign(3 J DRD-393, Item 2 (50 flutes) to be Zired statically
e-d at variouj ,otational frequencies, the jet to bl 3bserved flash radio-
graphically. The design pararoters and performance 3) are as follows: 60
external pressed fdutos; wall thickness .1048", flute depth .0129", radius to
flute crest 1.617" , spin o~npenst,'-,on frequenoy 52 rps,** and optimum pone.
traio of 20.0 inches in mild steel.

Eamination of the radiographs shows that the fluted lIndr fired at its
optima trequency prap es a jet similar to that from a statically fired
swot oone, wlle the statioally ftrod fluted liner rroduoes * St like that
ftoa a smooth Uinr-tuder-rotation. t )

Rad~iographs of the jets frort the DRD-393, Item 2 desin are shoin in
Figures 1 2, Sp 4# 5 and 6, The .anuition from the badly broken jet in
Figure 1, *hich was aon-rotated, throagh the slightly broken jet n Figue 4,
Woh is rotated at 50 rpe, tothe broken je.t in Figure 6 at 76 rps!is
correlated with the obse ed penetration perfoioenoe under rotation.,O) !he
radiogrmpbs of the jets (Figures 3.and 4)-st spin frequenoies 45 rps, 60 rps,
respeOtively are very similar, and the penotration performno. w5goo9.8" at
45 rpe viwa fired i"to a mild steel target at a standoff of 7.5"%3 )

(I) Seno , L,,. ad Simon, J., OFlosh Radiographio Study ,f Spin Compensation
nwih l0,n Fluted Liters"** b SEX JMuRa1. N.. , July 1954.

(t) eretowQ7 L nsd $buoas 0., ?lash R~adorphic litudy of opcii p
B RXL Report No. 936, APO, d7'il

(8) Aupploeent to Progress Report Noe 29, on the 106-a BAT Projects Conbraot
0. Do .3.019-ORD- 3, Firestone Tire and Rubber ,ospany, Defense Iosearok

I, (4) S, ern, Le, Iffects of Rotation* Critice.1lo og 6hap# Chikrzo lafgr-satio, L rN , M , hi, Mo, 1962 ..

0 esoived 4 August 965's

sio te oonwAtion for algebralo sign of the direction *f rotation has been
taken si'pasitive it rotation of the projeotile is e6OCkwtN 'Mwla viewed
from the rear. ?his is the uorml si'uation for arbillery wivth a right
hand tdst of rif'.inst
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FLASh RADIOGRAPHIC STUDY OF SPIN COMPENSArT"O

11 1051AX COPPER IJIERS VANU7ACTURI.T) BY CONTROLLED R8PINNING"s

J. 31=4
L. Zoramw**

Baltic 1essarou Laboratories
Abordoes, Provng Ground, Maryland

The Sal~stio c .oarch Laboratories have obtained from the Craft Mania-
fsoturing Company (Chicago, Illinois) two lots of ),Obma spuin liners made by a
contro'.lod manufacturing prooossu The liners word copper ones made to draw-
Its ORD-75.2-410D2* with a 420 apox angle and s 0.10511 wall tbialrzoes. These
liners were machined with a flange to fit the heavily oonfined l06ma pens-
tration sassublies -Asad at this lobozratury.

The assufacturi4 porawtrs of rotati.oa af mandrel, rate of feod of
fotming wheel. Wa direction. of mandrel rats' IQ w . o so that *heae
liners would be opli.ouponsated at .430 rvs.IfJ The "angle of distortioae,"C)

peraftterv uiggqeted by the Firastons Tire ad Rubbfor Oospwe~I' ns used to a
oritiorion In the spinning process. Durlag tUs woAdfAotur., ot Lot I liners,
the "angle of distortton* wae found to be 160 instead 0f the predicted 30 for
a spin copiestion 1requsnoy of+30 rpse l aotiptions t the Craft Manufts.
turixg 0owpoty revealed that a 3/A hard eappr bloAk* tookh ad bme obtained
frou's the eoirslal supptsrs 0oousntly 'a lower *angle of distortion"
eq4"aeto. a I~ A rat, of andrel, rotation ms w ,et ti eamwo the maufta.
turin FrOoes.0 to ottain eto'r pin 't *oitos trequeeyi let I
limae~wre manufaotured fris material witi""he ro'per aiilw64al $peel.

MtS4, qkjjaaoteiIasj rted to Jots ot boft^ lots'"of liners 'by this method

of usatw' The Set* obtained trox these linera, WAils rotaIng at

1 0 pftolntL ro~iest Repor~t of the Firestone Ti,. and Rubber Company on
D~qWandDevelopsut of Cartridge MKT, -400 for 9w Qua, 2I.&

C0~o . o 1, Vo5~.~( e .Firestone tire and hibb~r Ooxww~ey
I)kftao :*esear Divisions Akron, Obic. May 1954.

(2) T*t-ldmmm"ton by Dr. 1. inn of Plr6etouo Tire and Stbeor Companys.

W ~ ~ . sUw#10ad 5MMSn Jot "Flask Radio ra hI. ri nsti"
Is fhear Fome Litr ji!TS __M Jura

W~ 81ol J4# Flosh~ Raigrpi or &0"o 'aus Jets frois 90na Liavre
Vtnufaotur -, .- A.- i.~a-, W'81 MO7it MK d.. 7uly 1958

f*- Dr., Zornow Is now with Aerop'.et1fteral Corporation, Atsma, Ct~ifow

*nlsoeiVed 2 August 196.,
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various npin r.-tes, are shown in FIgures 1 to 5 for h4it ,, and in Figures 6 Io
11 for Lot 2.

Examination of %he radiographs sho q% tat th. jet of the liner beh&ws s;.
epected in 2 liner with *bult-WvO Apin oompssation. At a zero spin-rat-,
Figuro 2 (Lot 1). and Figure * (Lot "j, 4*he jet is badly fragmented adi b4-
fIwoatod, At a spin fraquenoy off 3O rps, the Jet from both lot#, Figure 4
(Lut 1) and Figurit 9 (Lot 2), Is oontinuous and slightly broken. Theretors,
the spin compensation trequenoy lies i t hs neighboraood of +50 rps for both
lots* A jo~mrison ot the Jets in Figures 5 and 10, where both rotmda were
roated aot 445 -es, indlost that Lot 2 .iners may hav a higher spin oc mrv-
vation rate than Lot ,1 liners. TMeJets from Lot 1 liners are further along
!. th bituroation prooess at*45 rpse

4 (

I,
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Performance of Siliceous Cored Armor Against Shaped ChargeS* **

E. C. Hutschler
Carnegie Institute of Technology: Pittsburgh, F 'nrmwy1vani a

"Gla3 -and other silicous materials are comonly knowu to give
superior performance on a weight baz..i, against shaped charge weapona .
However, several attempts to deveop t crrmor utilizing glass
has met with only Untd sucoese # . Recently, fused si ica, having
a moltinc point considerably higher than stoel, was ound to survive
the outing of moltenarge r l te around _t4 , But although the fused
,silioa azi dors not melt or change in hysical rppearace due to this
toeament, some deterioration of its effectiveness aeainct shaped chargei otam does ocr. This fact is verified by a compartroh of its performance

- with that of an equivalent uiconfined fused silica target. The core is
i thought to be dnaged by svere irbomogen-oue stresses applied to it dur-

-r t tinr the eastiny and heat treatment.

Various designs of slipeouj cored amor were tested against the-- j M2W£ rockit charge fired at the built-in stan, o.ff skd aso against the
SJet-Ous ommercial shaped charge which is apprcxximately a 0.7 scale

I ,model of ths X8A2 charges The latter ohixgs wai ufaad to ,reduce ex-
-- I ' pondtures of materials ane to improve the statistical reliability of

The most impotant o ider,tton concerned with the application of
01"Oub Cored &1a*mor is its. weight relative to solid armoro For this
reasins thepefomanoe will be discussed in tense of equivalent weight$
that A he Uratio of the weight of oored armor to the weight of solid
. mnorboth'i.n the partioular thickness required to completely stop the
Sets The #Wel at the edges of the core is not considered part of the
ve~ht of' %ke cored rmor for the figures given below.

The. following is a sumary of the Important rasults of tests on
cored iwr at Carnegie Institute of Technnlogyt

(1) For ponetration at normal, inidnce (perpendlcalar to the front
#Orfae), equivalent voights from 5 to 65 percent were obtained.

(2) penetration at 60 deg. obliquity, eq'ivaleat weights rangino
Iran 70 to 85 percent we obtained. Tnut, there is a considerao.Le
-5os of eftectiveness experienced with highly oblique jet Inoidence,
however, this loss is not as preat as that for unconfined tv gets.

(3) !sll area (loss than 2 square feet) panels of a given thickness
gave dtstinctly better results than urge panels (12 square feet)
of the so.e thickness and core conf guratioL,

(4i) Oaposite targets, mado of glass core* confined solidly in steolboxes by pouring low r.0ttno me,6l (Woode Metal, z.It pofnt
-- 156 dg. F.) into the inter9ticeu$ performed considerably bettor

s*eslved 9 Augua*t 15
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than equivalent cored armcr. This type of target yi,-ded equivalGnT.
weights of less than 50 percent for normal jet incideuce s -" epurox.-
zately 60 percent for 60 deR. oblique attack. These figures should
also be obtained fox xored armor if thb core damage is eliminated.

(5) Location of the core syrmetrically in the armor gives improved -'er-
formance. It is thought "hat the core is more nearly -=ifo".A.i
stressed because of its s.,mmetric location hence less damage is
likely to occur.

(6) The total penetration for cored armor was less than that obtained
with solid steel targets except for a few types shot at 60 deg.
obliquity. Consequently, any practical cored armor that might be
d -eloped is not likely to be thicker than equivalent solid annor.

The work desoribed in pk. r was carried out under Contraot No.
DA-M*89.00D-36871 with Deot Arenal,

•'l"otectin Again~t Shsped Chages" F ,tal qort 0RD No, 6384,

'21. o Pugh, *Survey of Devices for Protecting Armored Vehicles

Ag~Axe~it Shaped Cherges, 5 Special Rleport No. 64, Contract No. W-36-t- , -
0*04879,. JunO 30, 1906.

.. 3 1llnt'ote Progress Report for the Period January 26, 1952 to
Fobruay 26, 1952, Contract No. D-3C0-069U)..2J45.

hi, . Nut4hier and R. V. Heine-ueidrn. "'Defeat of Shapad Charge
IlspoA,' ;.rs Sium ny Report, Chapter IV, Ca .iegie Institute of mschnology,
January 1 to June 30, 1954, Contract No. DA-20-089-ORD-36871.
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The Effect of Density in Confined Column Targets *.

E. C. W -tscler
Carnsgie institute c- Technology, Pittsburgh, Pennsylvania

A mumber of tests have been conducted zt Carnegie Institute of Technology
with ocufined column targets (*water cellels"), using a variety of materials of
'different -3nsity, in a standard setup consisting of a coiu=n 2 inches !ong
and 1 inch in d'ametsr. Confinement was a steel tube 1 inch thick, and a 1/2
inch steel vsr p1pts was placed at the t(.p of the column. These targets were

tested aga.nat Jets-Guns charges at 3 inch standoff.

The results are shown in "he plot of observed thickness equivalent (T3 )
versus density of column material. TE states the thickness of steel in inhoes
that has the same jet-stopping power a, inoh of column length, that is

T Penetrato In steel - Penetration in steel for cornned aolumn &
length of column

Abu, shown in thix plot. is the theorstical curve predicted by the simple density
law of pentration. In the range o" densities above 2.5 gn/ce, the two almes

d se and no effect due to confinemeat is apparent. However, below this
we the two ourves diverge considerably Indicating that an additional
WWI= is effectlve for mill dznsitiec. Flash X-radiographs and Kerr .ell

Vi ee h,e luraished oonalusive evidence that the residual jet Is attaked
by col= material reboundixg frao t1- canfinlng surroAwd, thus acocunting for
the vmrs oefeetiveiess of the confined oolum targets.

T pedamb=oe ot the confiied column effeoO Jr the low eusity region
V- eo~ n 4Yvi7 in a second plot in which the ratio of the Observed thick-
We eqUeeuut (TS) to that predicted by the simple densit.y law (') Is give as
a fiation of coluin density. Note, that 1he axis or absoas I p got in
cowelderab4 ueandeed as :owwrod with the previous plot. lU maturials

avin densitie between O5, 5 r 1.8 gs/oo ie an an almot Straiefu line.
)i te*rW having densities greater than l.d gs/co Ue o a borisot Ltn e at
; eq t ta 1, rprerenting behavior aecording to the si lo density law. Iis

* rather clearly defined l it for the 12onixd oolum eieot is quite
I interesting. It should be noted here that the results obtaired are

pecliar to the column -,eetry and ths Jet-Gum ulase Ut would vary somewhat
for other ocaditioa.

$*fet ived 9 Augt 1,956
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Density of thi column tterial waa upe JA tboes tejii uscause other

target characteristics that are likely to be imprtant - namely, cmpressibility

and hock velooit7 - are urnawn for most of the mterials udor an eoauition,
and are unknown for all of the materials av:'4-able "or conditions prevailing

during penetration by the shaped charge jet. The consistency of resulte
obt&ined usi~ density as an independou. variable is remarkable howevett

I
I

* ,

* I

I.

ftbe work desomibed in thio paper ws carried out txnder Cont.:-t Mi..
p'. )A-2040f1l-368?1 with Detroit Arenal.
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Fracture of Steel Plates linder Explosive Loadlng* C*

T. P. M4urray
Car.gie Institute of Ternologo, Pittsburzh Pernnsylvania

Recent, excperiments carried out crt C.I.T * to gain basic ifonlation
about the openling process hfive yielded some interesting results. Ttia
eiperiments consisted of exploding cylindrical Comp. B charge 3 of varr-
in,, configuration in contact with armor plate 1,!1 mild steel. The results
show that for a certain range of charge parameters and plate thicknesses,
tht' salling process consists of the ejection from the plate of a large
"p~ug" of trie shape shown schematically in Fig. 1. Surfaces A and D are
the original frv.it and back, surfaces of the target. Surface B has the
smiooth appearance obanacteristio of shear, whi Ia surface 0 has the rough,
jagged appearance characteristic of tensile fracture.'

It has been found that th-is plug ejection pr.ncess is very sensitive
to charge dianeter, but relatively insensitive to charge length. For a
charge diameter of 3 in*, the plug Is roughly hemispherical, with -% smal
perforation in the top plate surface. Aur amasllr diamters, ot seall
fraypeit is, ejected from the beck part of the plate and the plat- iii not
perforatsed With charge diameters exceeding 3' 5 in., the plugs are of
the shs~it shown in iji.j, Isend the diameters of surfaces A and D increase
linearly with te Charge diameter. (See Fig. 2), As an example, a charge
5 In. in diameter and 0940 in. long results ;An a plug with diaeter of
3o.5 in. for surfaeA Ad a diameter 0~ 5 in. for surface Do

Yor charges' with & fMod diameter of 4. Lta. "' lengths varying from~
0*5in. to I In*., Uhe resulting plufa all had diameters A of about 1.75

in. md4 diameters D of about 5'in.p with a variation of about 0.25 in#,
so that ths pro"cess is almost independent'of charge length, providing
the JApgth, exceeds a certain minlaum (See Fig. 3.) (A 1/8 in. charge
produced only a crater in ti.- targetij no upall. was ejected.)

All of the above described results vere obtainod with I in. ar~tor
00Ate Similar results have been ob,.ain~d wth 0.5 in, and I in. mild
steel tatrgeP.

Fixa th initial experlments, it vae believed that the sheared
sfkiP ooiV e attributed to the existence of a steep ressure
gradient in tha W~losive products, iich caused shearing to --'our
at the top surface of the tairget. It was thought thiat this shear then
propaeatod. back to interbecL wi tlva suxrface of tensile fructu..'al Iri-
tiated by the interaction of the compresslon wave and a tension wave
orioiasting: at the back aurfaov of thla ttrgsto To check this hypothesisp
chmoges ee exploded in contact with 4 in. Lai', targets.* It w~as
believed that if this shear proceso occurro..i ii. would be evidenc.' by
cracking in the thick targets. Bnw~vr, only small rWtnom cracking
occurred; it appewrs that the sheai-ed surface as well as the tensile
fracture surface mubt or- , 4Iaae in the initeractions taking pizz ue at
the target surfaces.

!#*Receive! Vz August 1r451
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Fracture of Ste-l Plates under Explosive Loading* ;,

T. P. Murrazr
Cariegie Institute oi Tezhnology, -. ttsbur,:h,, Pensylvania

kecent, experiments carrie ,ut at O.I.T. to gain basic inlornation
about the spalling process have yielded some interesting results. The
expertnente consisted of exploding cylindrical Comp. B chargos of vary-
ing configuration in contact with armor plate . 1 mild steel. The results
show that for a certain rage of charge parameters and plate thickneses,
th,. spalling process consists of the ujuct~loa fom the plate of a large
"plug" of the shape shown schematically in Fig. 1. Surfaces A and D are
the original front and back surfaces of the target. Surface B has the
amooth appearance oh-racteristic of shear, while surface C has the rough,
Jagged appearance characteristic of tensile fracture.

It has been found that this plug ejection prnccs ie it,.o sensitive
to charge dianeter, but relatively insensitive to charge length. For a
charge diameter of 3 in., the plug is roughly hemispherical, with a small
perforation in the top plate surface. For smaller dimeters, i spell
fra~Msnt is ejected from the back part of the plate and the plats is not
perforated. With charge diameters exceeding 3.5 in., the plugs are of
the shape shown in Fig. 1, and the diameters of surfaces A and D increase
linearly with the charge diameter. (So Fig. 2). As an example, a charge
5 in. in diameter and 0.40 in. long results in a plug wit!, diameter of
3.25 in. for surface A and a dimeter of 5 in. for surface D.

For charges with a fixed diameter of 4 in. and lengths vurying from
0.25 in. to 1 iu., the resulting plugs all had diameters A of about 1.75
in. asn diameters D of about 5 In., with a variation of about 0.25 in.,
so that the process is almost independent of charge length, providing
the length exceeds a certain minium. (See F!g. 3.) (A 1/8 in. charge

produced only a crater in is 1arget5 no spell was ejected.)

ill *" the above describ3d results were obtained with 3. Jn. arMor
plate. Similar results have been oboainedwith 0.5 in. and ! in. mild
steel targets.

From the initial experimmts, it was believed that tha sheared
surface B could be attributed to the existence of a steep prssum
gradlipl in t , explosi've products, which caused shearir.,. to :cur
at the top surface of the target. It was thought that tbus shear then
propagated back to intersect with thl surface of ten~qile fracture Ini-
tiated by the interaction of the compression wave and a tension wave
originating at the back surface of tr target. To check this hypothesis,
charges wo;e exploded in contact with 4 in., ..... targets. It was
believed that if this shear process occurred it would be eviden"c by
cracking in the thick targets. However, only small random cracking
occurred; it appears that the shesaed surface as well as tne tensile
fracture surface mubt cr3ginate in th: inteeactions taking place at
the target surfacco.

*Rcoeelea 9 August
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Surface A

Surface B

Surfrt' C

IM.

Surao. D

iFIgue It S1kotch sowing approimt shapeofa plug ejecte~d by apailing.
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It may ,ue that, as tensile fracture proceeds, -uqi1ea nurizi, i'
traped within t" e plug tc enable it to free itself from the p)ate by shear
when fracturs , proceeded to within h csrttiii disLanct £rom the top sur-
face of the target plste.

It might be mentioned that lin. x 1? in. torget plates were used for
charges h.5 in. and smaller in diameter, wz~le 15 in. x 15 in. target plates
wore used for charges of diameter lar..P t han L.5 in., so that it is n:t
oelieved that reflections from the ,idues of the target contribute anything
to tbe spalling process observed.

In man % cpaes the plugs recovered show another type of fracture in
addition '.3 that described above. In such cases the plugs are fractured
completely across, paralel to the base, al a distance of about 0.25 3.n.
from the back surface. This type of fracture has occurred with both 0,5
in. and 1 in. nild steel ta"nts. It has not been obaerved in the few
anor plugs obtained.

The simplest theoretical approximation to this problem is o cnsider
the interaction between a spherical compression wave proceeding from A
virtual source above thetarget and a reflected rpherical tension wave
proceedin from an imago source below th targnalot. This approach, hiwhhas been carried out by 0. 1. Taylorl, predicts a fracture surface dif-

ferent from either of the two types diacussed above.

It is believed that a more realistic and more detailed approach will
be yeqaired to explain the actual fracture process observed. If an approxi-
mate theory can be developed, the symmetry of the experimental resultil is
ouch that an adequate qantitative check on the theory is ava.lable.

*The work described in this paper waz carried out under Contract, Nv.

DA-36-O61,RD-453 with Ballistic Research Laboratories and was reported
in tho Third Quarter3y Status Report, July 31, 1955.

1 W. M, Evans and Sir. G. I. Taylor, Research 5 (1952). p. 502.
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A Theoretical Treatment of "'rater Foxation by High Velocitv Fragments* **

F. P. Beitel
Carnegie Institute oi 'eci nology, Pittsburgh, P-nnnsylvania

A number of theories have been p'oposed for the fcrmation of craters
by high velocity projeutflee but, duz to The izarcity of good data, these
theories have been tested only for certain projectile tyTes tnd L'it.cd
velocity ranges. Thus it is not -rint.ely known whether hole voltvn io
a single valued function of fragnr.6 momeutm or of fragment energy as
predicted by certain theories based on various models of penetraLion.

On tl-e basis of experiments with lead targets1,2, the penetration by
yhper.riocity fragments may be described as the production of a hole by
the h6mispherical distribution of energy around the point of impact. Further,
!!o permanent compression has been detected in cratered targets. Hence, we
have developed another V2'ory of crate formation which considers the struck
target as an expanding hemispherical shell of incompressible fluid.

We assume nat energy is conserved and that the crater forming process
stops %hen th, maximum pressure gradient ,.ithin the target drops to a critical
value. We find that

v X /- I) 5/3 (- 5/ 1/1

where V is the hole voite, Ef is the fragment energy, b is the critical

value of the pressure gradient, and 3 a I + VT/V , VT being the hemis-
pherical volome defined with the nearest distance from the center of impact
to the back or side pf the target as the radius. Whon V"4 VT , V is
pr portional to I./ ; but when V I"-' , V is proportional to E3 ,
For fixed Et , we find that as VT isloereased V increases slowly at
first, bhen increases quite rapidly as VT becomes small. This latter be-
havior should be easy to check oxpjrimentally, but no data are available as
yet.

*Recelved 9 August 1955

• i **The work described in this paper was carried out under Contract No.

DA-36-061.-RD-453 with, Ballistio Research Laboratories and was report'1
in the Second Quate~'y Status Report, April 30, 1955.

1 R. J. EiFhelbergr, F, E, Allison, and W. F. Donalason, "Craera
Formed by High Velocity Fragments," Fundaizentals of Shaped Charges, C.I.T.
Status Report No. 3, 'hapter I, Contract No. DA-36-061-ORD-394, July 31, 195h.

2 t. J. Vichalbergez- and W. F. Donaldson, "Crwter Formation by 14--rvelocity
Fragments,* Fndamentals of Shaped Chuges, C.1.T. First Quarterly Status
Report, Contract Ho. DA-36-O61-0OD-453, January 31, 1955.
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FLASH RADIOGRAPHS OF STEEL .AL. PROJECTED THROUGH ARMOR

BY A 3,5" SHAPED CHARGE C0.MTAINER ROUD*

J. Simon

Ballistic Research .aboratories
Aberdeen Proving. G.'ounJs Maryland

The BeIlistio Research Laboratories(1) hlve destined ,, .5" lethality
round whioh enablve one to place a variety of materials in a container placed
ae',wid the ba.je ef Qo liner as shown In Figure 1. 1he ,m.enizlm ±nvolva rho
projection by at she g round of materials through a perforation made in
a target by its ,.9 r4

For this experiment, the follow-through material oonsisting oZ 3030
l/8" stool balls was placed in the container, and flash radiographs of the
region preceding the slug were obtainge Figure 2 shows the nr*-slug region
after pertorating 3" of armor at a 4.3" standoff by a 5.3 ,28A2 rocker, vax-
head. Figure 3 Is, a repetition of the came experirant with a ontainor filled
with. stool balls. A comparison of Figures 2 and 3 shows shat tho ball bea --

hs nhvs been projeoted through the target plate.

Tki etfeotivensi o of this ty of round in the projection or lethal
U64ri - aioh. are, possibly toxic or incendiary hae betn illustrated by these

(1) Breidenbagh. 11. I., and Qehringf J. WV., Further Studies of Meth-.,a for
Inorei:ng the Detruotivenes, tad Loth&

- .. -~Au 1ust . -- --

(2) Deioenbao I.# A of a Aethrd for Inoroasin the Lethalit of

S7-1D~c sber 1953, AFG, Md., BRL 9e

() Simor, J., Flash Radiora of Shae S4 hres for Increased Leth' !U (U),
BELN 912, ANiiid_.7ug&u 19656.
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Flguro-2 Figure 3

f tash radiogrspbis of the Flash radiographs of the
slug fromn a 3. 5" copper "follow through" miaterial

ONlnei t, rokigh z 3"1 haino- projected through a 3"1
gencous arrmor at at an h~. :w',eeous armor target
ogive standoif of 4.3"1. '1 e at .- "oullt-in" ogive 'Rtanct-
a* %ece of any appreciable off at 4.3"1. The row"'4

amount of fragments pre- ilred through this target was
-ading the ilug can be noted, a 3. 5" M28A2 mncOifl~d
Cornparo, with Figure 3. cnernil coataiiier rouna.

As a witn.:bsing mechiaism,
3000 - vP eei b...Ls were
plac'-1 In the contain~er.
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FLASH RADIOGRAPHS OF BALLS PROJECTED TUROUGH ARMOR

FROM A 106M SLE2ED SHAPED CHARGE Ll t*

- J. S:.mon

Ballistic Recedroh Taboratories
Aberdeen Proif"F, Ground, Maryland

The Ballistic Research Laboratorics(l)(2V(3) ha'% howa the feasibility
of sleeved liners ftr shaped charge applications. A soaled-up version of the
1 5/8" rc od, the modfie4jo06u round, shown in Figure 1 was examined by

means of flash :_!iography(4) to determine whether the collapse mechanism snd
jet formation was essentially thal s eb a@ reported for the 1-5/8" rounds

Radigraphs shown in iigures 2 and 3, of the pre-slug region of a stan-
dard 105a T-138, and a 106 n lethality round with an ogive and aluminum
capped liner containing 320 1/8" steel balls are oompetred in free flight. The
lethality liner radiograph, Figure 3, shows the steel balls after they have

funneled through the ogive followed by the collapsed aluminum nap oarrir and
:lug

The same rounds isre fired at a built-in ogive standoff of 8" through 6"
'of homogeneous armor* The :adiographs Figures 4 and 5, give iilalr rasults
to thoss of Figures 2 " 3. Af may be observed in Figure 6, the radiograph
of a sleeved liner, the addition of balls in the lower portion of the sleeve
has resulted in sucoessful projection through the hole mad3 in the armor tar.
get. The divergence of the ball spray YLy be observed, and the extra material
g6lnag through the hole contributes additional fragents near the axis of the
hole.

(1) Brqidenbach, go I., A Method for, Inoreasina the Destruotiveness ond
Lot~lty of Lined E~qity Sirgoo7 rT7U, 4kV, Ud. Iebruary I oX

(2) DrWeideah. H, Is, A Study of a Method for lnoren:i-v the Lethaiity of

7.1Dsooebr 1953, ORL 609, AN, lid.

(3) ,reidenbaoh, H. Is., and Gehring, J. Wa, Prther Stud is of Methods for
Increasing ' Destructiveness and Lethaftflo" ,nie v-y -r.

DBL95lAP es Agust 1955.

(4) Simon, J., Flaah Radloonhp 'f Shoped Ch&FRa foi Inc-ecs3 .tik'hrlity /.U),
BRUM 912, AWd7K1!jT'

*Received 1 Auguct 1955,
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3.400"

STD. -,U- CONE.

OURAL SLUIVE EXTENDING,
TO BASE CFOCONE. O
HOLES EVENLY SPACED
WITH .004" WALL
BETWEEN HOLES TO
BE DRILLED AROUND

PERIHERY Za"TO NOTE: STEEL

BE FILLED) WITH 5 -1254 AL ANf AC
DIM. STEEL BALLS.TOALWRM

AlEAD Of $OLDER FOR CAP.

Figure I

A sketch .Ithe e~perimental 106teim sleeved, ball-projecting round.
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Figure 2~

Fls iorpsaoigtsslgFue3

fro aj 10mmdaw opK &

Fih igr gushwse oec ioiif trt th flo hou;"apia

lirenmeso rget.to without any ta get benilndadslgo h 0m ted path

of the let. The seconda r7 fragnwnt
si,riv -Qits o; many of the
original 320 - 1/811 steel halls.
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Fli~ure 4 Figure 5

Fl&Ah radiographs of a 10imm Flash radiograph of a 1061n-'
standard drawn copper ie~r retter it .;3acvnd liner hall design rft-r it has
t= bee-n fired thro~igh 8"1 of homo- penetrated UP, of nomogeneoui armor

geneous armor at an 8"1 ogive stand- at an ogiVe 3tanduff of 8"1. The

off. The region preceding the slug beoelow croyed by ping amo n
shows vory few fragmoents. ThatbenJotydbypangrmri
figure should be compared with F'r,- Lb path of tihe let. The secondary
ure. fragments, :,uzlnum sleeved liner

a&W silig appear in the same time
sequency as seen in Figure 3.
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Effect of the Fuse Conduit. on the Long Standoff Performwire
of the M31 Rifle Grenade Charge* *

E. C. Mutschler
Carneoie Institute of Tochnolcgy, Uittsbur& . Pen-.sylvania

In the course of shooting a penet, ation versus staudoff cur a
the M31 rifle gpenade charge, a rp.ced -orrelation was noted to ex ,' .*
particularly at long standoffs, between the direction of the "keyhole"
in the target and the orientation of the charge. At standoffs uf 14
in. or longer the jet appears to produce a second.;'-, penetration in th-
side of the hole (the hole resembles a keyhole) in the direction of the
iuse c .4.dult in the charge. This effect (keyholing) is known to result
from a jet whi.ch has its back section displaced laterally from the front
seation, causing it to penetrate the target at a different point.

The fuse conduit is a 3/32 in. square brass tube that extends along
the inside of the metal charge body from the nose fuse at the front of
the ogive to the detonator at the far end of the chirge. This tube pases
through a slot cut into the liner base and is soldered in position at this
point and at several other placea along the charge body.

For charges shot at. a 14 in. standoff, 8 out of 10 shots prodilod
keyholes in the direction of the fuse conduit. For the 18 in. and 22 in.
standoffs, 9 out of 10 a&O 8 out of 10 shots respectively produced the
sme effocz. In addition, the direction of the slug, as indicated by
the mark it makes on the target, likde rr,:Latd with the orientation
of the fuse conduit.; the direction is oppoite othat- of the keyhole, as
would be expected. For the 30 shots at tWe *tandotfs 4entioned above,
24, slug marks occurred in a dirsotioh away fri the fuse conduit.

It appears certain from the correlations note. above that the fuse
conduit contributes significantly to the relatively poor perfonmance of
the M31 charge at long standoffe. Howaver, performance at such standoffs
is not important unless skirting plates are used as a defense against this
weapon. It can be seen from the penetration standoff curve that a 12 in.
skirt Ug plate would reduce the penetration by approximately 50 percent
(from 11.6 in. to approximately 6 in.). The reduction in penetration due
to the fuse conduit alone cannot be estimated, but the extent of the key-
holes and the strong correlation note indicate that it is probably a oon-
siderable fraction of the total,

O*The york described in this paper was carried out under Contr- No.

MDA-36-O6!-ORD-h53 with Ballistic Research Laboratories.

**Recsived 9 August 1955
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FLASH RADIOGRAPHIC EXAM'4INA2ION Of JETS

FROM 1061,W SHELL HEAT, 4119Ell (YZ3v)*

J. Simon
L. Z,:rnow**

Ballistic Rr-ea-,rch Laboratories
Aberdeen Prov?,g Ground, Maryland

Firings conducted in connection with th . levha_-j prog~ram of the 14344
HEAT shell gave averafe penbtration3 into honiogeneoua armor of 07.6" dynaoically
and l'~ ttoly') Since the shell1 rotated approximnately 415 r.ps*** at
target impact in the ballistic firings, a possibility of spin compansation
existing in these liners wae explored to detirmine whether it contributed t'o
the ballistic penetration~ Improvement over the static penetration.

Representative samples selected from the remaining ammunition were made
available for the fl. eb raciography of jets from thesa. liners. Three rounds
with noe cap and fuze crystal intact were firod, and the jets radiographed
at the zer spin rate (0 rps) and at.+l8 rpn.*** Fig~r,%q 1. '-_ and 3 dhow that
the affect of rotation on the pholographed jer, is sywe$ric *aout tile zero
spin rate. These observations~ ruled out the possibility of' s)VAu componvation
ibcounting for the improved bLlistic performance over the static penetra tion.

It was thought thast the nose cap and fuze crystal element might be In the
vw y ot-tho jet o~n the static tvsts, but removed from the path of' jet in the
ibllistio to Ists. Figure 4 is the picture of a jet from a round fired at a

iwo;s~~i atwith, the front part of the og5'v* removed and sihows that the jet
*'i ' sltigh _tly broke up longitudinally. Th, degradation of the jet by the front

ja t oh round and any seftondavy interference which might result from the
r ~it element is 0ae to be very slight, (ooje Figures I and 4).

The if;Wdegradation of the jet by the nose oip and fuzs indicated by
,,radibgraphio obtervations is in qualitative agreement with the I" 6jf

(1 Ffty-sixth ?Projgrae Roport of the Firestons Tire and Rubber Compaiy nn
Battalion Anti-Tank Project unher Contract No. DA-33-O9.OD-l20.,- --

stone, Tire am! Ruobar Company. Defense Reserch Diviin, A'ru Ohio,
!rcea 1955.

(2) Verbal aoumutcation by Dr. H. Winn, Fireatone, Tire and Rubber Company,
n.-I4Inse Rosuaroh Division, Akroa, Ohih.

* Received 2 August 1955.
** Dr. Zernow In now with Aerojet.Genernl Corporation, Ainsa, California.

The oronnioa for ulgobr! Ia' ntgn of' the di.'- tioao t' rotation h,5s boeen
takou as posit .ve If rotatcion of' the projectilt, I.- olonkw.so wher vl' .%v
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.....i.,naa7 Evaluation of the Usefulness of Flach Radiographs
for Quantitative Jet Studies*

H. A. Nlmes
Carnegie Institute of Techmology, Pittsburgh, Penisylvania

Explorator1 experiments we:.ti carried out to ascertain the e~perL.contal
difficulties Involved in the uae of low voltage flash X-ray1 pictures for
quantitative determinations of jet mass, elongation and fracture. Ihe re.,
sults were used solely to check the methods employed rather than to support
or di spume data previously obtained by other methods.

The standard 1.I.T. charge containing the M9AI steel cone was used for
the investigation because much Vormatton is available regarding the per-
formance of this type of charge4 which provided a check on the results ob-
tranru by the X-ray stu- ,

The conditions which limited the accuracy of the measurements were:
(1) Variations in the charge. (2)' Variations in the timing circuit.
(3) Mltiple eosures. (4) Movements of t-be particles during the ex-
posure tim, () Differences in density due to variations in the ± oen-
sity of the X-ray. (6) Obeervational error due to the judgment of the
observer in determinL-s! the true boundaries of the particles. (7) Magni-
fication factor*

* The variation in the position of the tip of the jet, which is an
indication of the extent of (1) and (2) abovep was about 2 per cent.
Many of the multiple exposures were eliminated from the study because
successive portions of the jet particlen overlapped making the actual
boundaries of the particles too much ir. doubt. The error due (4) was
negligible since the exosure time was very short. The variations of
(5) proiaced soeve under-exposures for which there wa a tendency to con-
sider the particle larger th a it actually was and some over-exposures
for which the tendency was to consider the particle asaller than its
true lse. Although these under- and over-exposures should cancel to
Ssame extent, this is nevertheless conaider to be the most serioussource of error. An catimate of the error due to (6) was obtained by

S having several individuals measure the particle area on a given section
of each picture. The error thus obtained for the pictures ured in this
study was 10 to 1 par cent. The magnification factor was computed 'J
corrections made therefor.

The results gave 2cae indination that the Jet rarticlez lengthen after

the initial fracture; however, this is o.sidered doubtful due to the un-
certainty j: the measurements. lthourh the data of thiis first exploratory
experiment showed a great deul of variability, tih results in general see
to agree witn data previously obtained by other amethods, There i! .,I appar-
ent need for refineents, but vth !mprovements the methods used here give
prmise of yieVl'g rsliabl, information. Therefore, a siml.lar study isIbeing carried out using 7 .'a" jicturev vhich aCoear tv oe of more xuifor-

density and a 3.23 in. diameter copper core which vill give larger lrh.g ',
ard thus rcxl~uce the percentae error in tie neassurv. .

**Reoei'rd 9 A'iutt igu
4o
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The work described in this paper was carried out under Contract No.
Dt,-36-O61-ORD-453 with Ballistic Research Laboratories and was reporte3
in the Third Quarterly Status Report, July 31, 1955.

1J. J. Paszbk, B. C. Taylor anO J. . Squier, "Low Voltage Flash
Radiography w B.R.L. Memoraudur ipt. No. 645, February 1953., Aberdeen
Proving Grqund.

2R. J. Eichelberger, "Re-Ec ~inatAon of the Theories of Jet Formation
and Target Penetration by Lined Cavity Charges," CEL Rpt. No. 1, ContractNo, UA-36-O61 ORD39h, Carnegie Institute of Technology, June 19514.
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R~ADIOGRAPHdY OF' STEEL TARGLTS '10 liEaKUhS THE FZID11710 OF JET30*

J. J. F. z-ek

Ballistic Rese.,ro'a Laboratories
Aberdeen Proving rround, Maryland

Reconv discussions at the Shaped Charge Comittee Meetinga hai6 aroused
interest .An the methods used for the determination of d.pth of penetration in
targets.

The target most oowaonly used at the prosent time at BRL in a stack of
6" 1 6" 30 blocks and the penetrktion is determined by counting the number
of blocks completely penetrated and adding to this the penetration into the
final, partially penetrated, block* The block, partially penetrated, ts out
through the center of the hole thus exposing the depth.

'hen steel cylinders are used am targets ne Aeter~iation of the depth
of penetration is more difficult. It is necessary to ot transversely as.-
where near, but above, the bottom of the hole and then out longitu~,nal1y to
expose the depth.

In an effort to find some easier way to measure the depth of penetration
into steel oXlinders radi.%grsphy has been suggested. The ballistio Research
Laboratories conducted a simple exporiment to dstermir.4 the feasibility of
radioropy for this purpose, Steel blooks, from the same steel supply used
for torgots were exposed to a one ( I curie Co60 source for 20 hours using
Kodak tyej U film. Althouth the depth of penetration was readable to the
aearest one-eighth inoh, the radiographic quality wis poor.

Howver we beliovb improve, nt- cou-d be made in the quality by proper
shielding from scattered radiation a&nd the use of more sensitive films. Fur-
thirmor4 '4w radioactive souroa would require the sonstruction of a special
housing facility. Iu any case there Ls no incre-sje i- preoision of measuro-
mint and no decrease in the vti" ne o sary to obtain the final maesurement.

3inoe radiography offers no advantges over the method presently used
here at those laboratorieunits s is not contemplated. Howaver, at inalr -
lations i. re heavy duly power tools are not avalifable for outting blocks, a
system of this sort may be particularly useful.

I ;e9

9 fqv+



CONFUDENTILL

Improvements in Light'Leakage and Light Source ntenuity frr
Kerr Cell Photography* **

E. C. Mutschler, T. P. Murray and M. A. Holmes
Carnegie Institute, of Technology, Pittsburgh, Pemsylvania

In Kerr cell photography it is desirable to eliminate light leakage
as completely as possible. Therefore a system .onsistiug of a p-lari t-
ing filter, a Kerr cell, a second pol3rizing filtes %ith its axis crossed
at.90 .g. to the first, another Kerr cell, and a third filter with its
axis parallel ': the first was exanined as a pissible replacement for
the usual single cell with two crossed filters

F'rom photographs it ;s estimated that two polarizing filters with
their axes parallel and one with its axis at 90 deg. to t6e other two
permitted light leakage about 100 timet less than two filters with their
axes crossed at 90 degrees. However, readings obtained by using a phoc-

fell and galvanometer show that three filters with their axes parallel
transmit only 67 per cent as much light as two filters.

To take advantage oi this better closing of the Kerr cell, it u id
bs neoessary to sacriflc" about one-third of the light available mhen
only two filters are used plus the amount of light lost due to the nitro-
beumee in the additional cell.

Consequently, an attempt was made to develop a light sQurce of
greater intensity and, if possible, shoiter duration than the explo"i
wire being used with two po .. o a Wires of different material and \ -

size, metal ribbons, paper moistened 1n water or acid and coated with
powdered motel., anda glass plate over w)ich a apark could glide were

tested in the exploding wre circuit. This circuit include,- a 3 micro-
farad condenser iAch is charg d to 23 'ilovolts and discharged through

wire cauaing the *ire to explode and thus create a lisht source of
very high intenvityi. A 10 centimeter length of 0,005 in. alunmi
wirq, iS ,eneraly us6d and the matsrials tested were compared to this

asa standard,

The beat results were achieved using the O.UJO in. aluminu wire
sandwiched between two 1/8 in. thick glass pl:.tes and viewed through
the plates. Oscillograms show that the peak light uba-ftd "' thi-
arrangement is 2,5 to 3 times that of the aluminum wire oak a- that
the duration ff the peak is only about 0.6 that of the aluminum wirA
alone, These results were verified 'n a similar circuit with a 3 micro.-
farad condenser at 20 kilovolts. eue to the, glass plates, the lulnuuo
envalop surrounding the Aulre presents a .zater area and more liht in
the direction of Lhe photocell pickup. The short., duration may bi
attributed to a quenching action by the shattering glass.

**Reoeiv,, 2 AL- 155
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*The work described in tnis paper vas carried out under Contract No.
DA-36-061-OD-453 with Ballistic Research Laboratories.

1H. Schardin and E. Funfer, "Renort on tho Pwlndamentals of Spark-
Cinenatography," Zeitachrlft fux Angewandte Phislk, 4 Band, Heft 6,
June 1952.

2. Foner, R.v. Heine-Gelderi. and E. C. Mutchler, "High Speed
Photography," Fundamentals of shaped Charges, Eighteenth Bimont.Ky
Report (CIT-O.A-21), Part 17, p. 80, Contract No. W-36-061-P.-2879,
June 30, 1949.
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Strain-Free Cells for V err Ce..! ?-ohotography* *,

X. A. Holmes, T. P. Murray and E. ". Mutschler
Carnegie Insitute of Technology, Pittsburgh, Pennsylvania

Considerable difficulty has bcen encountered in obtaining the
strain freo absorption cells necessary for Kerr cell photography.
Very high requiromento must be placed on ho optical properties of
the cell to achieve a minimum of lifht tranreission when the cell
io placed between crossed polaroido--. If these requirements are
not met, light leakage during the exploding of the wire light sourco
(approximaiAlei O inc-'seconds) will cloud a photogr h taken with a
Kerr cell opening of less than one microsecond.

From an ord - for seven strain free coils, none were usable due
to the above failure. For this reason it was decided to construct a
cel using as a cement a sodium silicate and talcum mixture2 . No heat
is required for such *a seal axid thus the possibility of indecing strains
in the cell is reduced.

-flass 1/2 in. thick was used for the bottom and sides of the cell
to provide considerable aroas of contact, while the front and rear pieces
wore of 1/8 in. thickness because thinnse gluas ir less sikeiy to con'tain
strains. A mixture of sodium silicate and talcuapproximately the cn.-
sistency of aolasseswas used as a binder. Extensive experiments to de-
termine the optimum ratio o! sodium silicate to talcum were not carried
outp but apparently a wide ratge of mixtures would be satisfactory.

This binder was also found to be effective for Joining glass to
brass and one cell was made using brass for the main part of the body
with thin glass windows cemented to the ends.

Mhen tested between crossed polaroids no indication of strain could
be detected in cells made with the sodium ailicate and talcum cement. In
addition to the test for strains, the cell was also filled with nitrobn-
sone and allowed to stand more the. - a month to determine whether the nitro-
benzene would creep through the cemented area. At the end of this period
of time no leakage could be detected although the seal can be ccmpletely
dissolved in water.

*Roeoived 24 May 1955
*the crkr described in this paper was carriez? out under Contract No,

fDA-36-061-ORD-453 with Ballistic Research Laboratories.

vIR.. Heine-Geldern, "High Speed Photography, - Fundamentals of Sh'.p.d

Charges, Fourth Bimonthly Repo-- (CIT-O D-39), p. 9, Contract No. DA-36-
061-ORD-122, June 30, 1952.

2 H, Sv.hardin R.d H. Funfer, "Report on the Funda-- ,als of Spark-
Cinematography," Zeitschrift fur Angewandte Physik, 4 Band, Heft 6,
June 1952.
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USE OF SmAPED ({ARGES r' PHOTOFLASH B0. S*

0. R. Handrick and E. L. Kreidl
Arthur D. Little, Inc.

Ia cocnectiva with the study on photoflash borbs, it appears that
the light emission of only a rat pir thin l.aer of the cloud or burnirig or
luminescent metal powler will contribute to the illumination of th) Cround.
It, therefore# was believed .~irable to devise means for spr(d-r., a photo-
flash or metal powder into a re2atively thin sheet to obtain better use of
the light emitted from the burning particles and incandescent ccmbustioU
pr6ducte. Some preliminary experiments have slown that i crude version of a
shsed charge design can be quits effective in achieving this. Double channels
of aliun;_i sheet were fabricat.ed with 90" and with 16" angles and filled with
magnesium, aluminium, or inert simulants, such as aluinum oxide. Tha channels
were in the form of a straight line charge of circular or polygonal shape.
High peed photographs (3000 frames/sec and 6h frames/ee) gave an indica-
tion that even in a crude design the metal can be thrown int.o a significantly
flatter and longer pattern than possible in conventional debLgn. The draw-
ings illustrate the general shape of the items, and comparative sizes of
burning clouds prodiced at approximate Peak ilumination. The clouds shown
here were viewed side on with a slow motion color camera. Additiorvl work is
planned.

This work wus done in co-operation and under contract with the
Pyrotechnics Section of PicatinrW Arsenal, and has received Project Officer
approval for publication in the Shaped Charge Journal.

'4'

!; eceived 2 J~une 1955
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SKAPED CHARGES FOR PHOTOFLASH BOMBS
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CI~oCALEDAR OF COMING F"9NTS

Listed here are events of general inverest to those vorking ..n this
and related f'.Ids. Further information about bhe =tings listed belvw
canr be obtained by writing to he , ddressee indicated in parentheses. in-
formation concerning other such ev,:ats for listIng will be apprecip.-ed.

OCTOrER

i. - 12 Eighth regular meeting of the Ordnance Corps Shaped Charge
Research and Development Steering and CQ-. dinating Committee,
Detroit Arsenal, Center Line, Michigan (Office, Chief of
Ordnance, Department of the Army; Washington 25, D. C., Mr.
fMelvin C. Miller, ORITB).
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AB STRACT

INDEX CARDS

First Section

This first section consists of index file cards, each bearing a
brief abstract of a technical report, paper, or progress summary ap-
pearing in this issue of the Research Report.

It i intended that these cards can be removed for filing if
desired. However, for secwu ty purposes, since the abstract may be
classified, provision is made for retaining the signature and identi-
fication of the person removing the index card.
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I JI Abstract Card No. i CONFIDEN'2IM.

o I ~5. C. ReportThe Effect of Soaped -atrLo a ,o. L4-n5
Standoff Againt Aircrafu OcTobei 1Q95

0 V R. G. S. Sevell, L. N. Cosner, J. PearLon,
%. U. S. Naval (Ardnanca Test St'ption, China Lake, C~i!t'crnia

The Navell Ordnance Test Station is contLiulng the in-
0 0 ~ vestigacion of the effects of shapcd charges t long

It# g j, standoff againat eireiaft structures. nhe dwnuge meclm-
1) (D t) . nisns are doscribed, &- ,-n attempt is made to expl ,in the

0 4 q( 0 processes active in producing vaporific explosions. The

t, *i results of recent firings against aircraft struturet, prove
conclusively that shaped charges can produce immediate or

~, *' ~K-type kills against bomber sty1 p aircraft by means of~vaporific expiosi uA .

0 ___5 PP. 0 figs.

SAbstract Card No. 2 CONFIDENTIAL0 S. C. Report

0 The Effect of SILaped 0nbr .ts at Lcig No -

0 Standoff Against Aircraft October 195
R. G. S. Sewell, L. ff. Cosner, J. Pearson,

Q . j U. S. Naval Ordnance Test Station. China La~te, California

:,I ~. The Naval Ordnanne Test Station Is continuing the in-
0 vestigation of the effects of shaped charges at long

P4 ' standoff against aircraft structures. The damage mocha-
0 nisms are described, and an attempt is made to explain the

4 processes active in producing vaporific explosions. The
0. results of recent firings against aircraft structures prove

I conclusively that shaped charges can produce immedie.te or
K-type kills against bomber style aircraft by meas of

* vpa-if ic exrlosionc.

4 Abstract C&rd No. CONFIDFi-TiAL

I The ffect of Shaped Chares a Long a o0 No. 4-55
M I Standoff Against Aircrafts c . c n nnch

.41 proctse aciei r~cn aoL± ~~oin. 7Thel

§I R.. . J. Sewell, L. N. Cosner, J. rc b ''0 U. 3. Naval Ordace Test Station, C) Lake, 1,a, ifor,.Aa

0C

o Te :, Oa0.9oTe Station is z'entinuing ,he in-

' i vestigation or ;he effects of shaped charglu at long
' I ( + standoff agr.Jns' aircraft structurles. TI-"e damage meh-a"
+ nisms e.re described, oani +ui attempt is =e,de to expla'. " 'lie

0!I4 proceses active in proucing vaporific e- 7 'sions. The
result.3 of recent firings against aircraft structures pro-ve

47 0 ) conclusively that th ped cha'.+ e a ce+.u produce in acc -)¢ t,+ r

o e X-+ ". ].Is g~tnzt b,,mber s,,yle uirezat by m),.
Svapo-Ific explosions.
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Abbitr' c C r2 -,o. 1 CO Ill:i _AL
o3. C. Repoitf .~.-1 J ~Pieat :ywy Ar; 1a hp-Ci Ch-.rgc

: 4 . htt I-&;Tr1,.t of 0ceoines, Pirbt ctober o1055

" 1 Id 0 " £ . Dunil'le, Pication~y A;-serial, Diver'.!. J.
U\ O b 0 I sil

F infoo.... repozted iii the three neetings sb :ed
4 0 4- prou,,ress in: i) dissemination of new data (A)i shaped

0. char( e terala.re review) (2) improvement '±f netaJ. partsA (rotatiu';, cc,,Ten4oat ton wi-d ixvestigation of fabrication

C, . processes) (5) improvement of the explosive charge (rress-
1 4 loading investigation, i, 15lt composition, tandem shaped

Y , charges), () defense, lethality and beyond-armpor daage
V :0 41 n In (denaty law deviation, billets vs plates, fragment

V '!I distribution).

4' "

Abstract Card No. 2 COTWIDEfMIAL0 3 NS. C. Report
Picatimny Arsenal Shaped Charge No. C-55 r

00 Committee: Abstract of Pc ,n, October 1955"" ' IFirst Half of 1955
' E~ , !C. G. Duih-le, Pleatinn, Arsenal, Dover, N. J.

TnforrAt-lon reported in the three meetings showediP charge literature review) (2) improvement of etal parts
It (rotation compersa-Lion and investigation of fabrication
i 4 processes) (3) improvement of the explosive char'ge (press.

I loaing nvestigation) R-salt composition, tandem shaped

charges), (4) defense, lethality and beyond-armor dantgea
I density law deviation, billets vs plates, fragent

A Iditribution).

Abetract Card No. CONPTDEtR2IALJ~ I ~Picatinny Arsenal Shaped (Oha.ge N. C. Report

. rjtCommittee: Abstract of Proceedings, No 4-55

j C. G. D mkle, Picatlixrn Arsenal, Dover, N. o.

Information reported in the three mf .tings fhor 'dS -~ progress in: (.) dizjemination or new data (21ML shap d
g 0 .~charge literature review) (2) improvement of metal parts

(rotation com .mation and investigation of fabrication:9 0 aprocesses) (3) impro'yamL u of the explosi;. charge ( z, ess-

"loading investigation, R.salt composition, tandem shaped
2I charges), (4) defense, lethality and beyond-armor dew,,ge

, (density law deviatior, billet,! w; plktes, fratient
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A b str uc C ur. I . 1 CIA L Rep or t
Ordnance Corps Shaped Charge Research T.ep .rt .-

V Editors: John T. Squier, P,,., APG, Md. October 1955
160~ Irving LIeberman, BRL, APG, Md,

Includce : Minutcs of Seventh eeting of OrdoimAce Curps

Shaped Charge Committeej four papers preuenmed %6 tn :et-

laboraLoriev Use of Steel Billeta as Targets "n the Eval-
,- on t Pcrforwan~e of Shaped CObcges; Ctrrent Work

-1 ~ 43 U on the IWitrono..analog (tx, - Clt) of RDX for Application t !
Shaped Charge; The Effect of Sh ped Charges at Long Stand-

'a '1 4 V off Against Aircraft; One Sumirary: Picatinny Arsenal
Shaped Charge Committee - Abstracts of Proceedings, First

SHalf of 1955; and 22 letters to the Editor: Predicted Ef-
. fects of Confinement on Shaped Charge Perforinnacce; The Dis-

*) tribution of Vqtals in a Jet from a Bi-Mietal Liner; Note or,

Abstract Card N0. 2 CONFIDETIAL,let Ordnance Corps Shaped Charge Research Report

Editors: John L. .'F.t., BhL, AJO, Md. October 1955
4, Irving Liebormun, SMiL, AG, Md.

~ Includeu: 11inutes of Seventh Met.ing of Ordnance Corps
4N i hapcd Charge Committee; four papers presented at the meet-

:j'. ing: Comments on Targets Used at the Ballistic Research*a 'j Laboratories; Use of SMeel Billets as Targets in the Rval-
tion of' the Performance of Shaped Charges; Current Work

kon the Iitro-&nalog (-salt) of IDX for Application to

-L Shaped harges; The Effect of Shaped Charges at Long Stand-

off Against Aircraft; One Sumiiary: Picatimy Arsenal
4 .4 Shaped Charge Committee - Abstracts of Proceedings, Tirst

I'Half of 1955; and 22 Letters to the Editor: Predicted Ef-
feet- of Confinement on Miaped Charge Performance; ihe Die-
trbtin of Mtsas in a Jet from a Bi-Metal Liner; Note ..

Abstract Car -No. 5 COIMIDE UTIAL

Ordnance Coeps Shaped Charge Research Repurt. c. Rport

o Editors: John L. Squier, BRL, AP(G, Md. October 1955
I Irving Lleterman, BRL, APG, Md.

.Q Includes: M!nutes of Seventh Meeting u .I . J~ rShaped Charge Committee; tow papers presented zat th', nee'.

* ~ ~,ing: Commentd on Targets Used at the Ballistic lier.arcil
I ' 7 Laboratories; Use of Steel Billets as Tar3eta in thw Eval-

a 0~ 1 . 1uation ,f the Performance of Shaped Charges; Current Work
on the Nitroso-analog (P-ralt) of RPDX for Application to

0 Shaped Charges; The Efl'ect of Shaped QwjugAa *" .3~ temd-
C off Against Aircraft; One Summary: Pleati~ray Arsenal

' Shaped Charge Committee - bstracts of Proceedinzs. Ytrus
0 h-f . ui 1955: and 2' Latterr ,o 'L e 0 dltc-r: Predl. t. I 'f-

fects ..f Confnement on Shaped Chai'ge Perf r-,'-n.c ',". D'1. -
'tribution of' Metals La a Jrt from a Bi-Mtal Liner; hotc on
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Abstract Carl ,c () CNI)U
r4Orcb~wxe Corps Shapedi Chacrge fle~evx.ch 1beport

'.' ~ ~ I1 TJA"tc-r.- JUL:. L. Cquicr, "'M., A-0, w. Octuber 1.955~ I4 j T'vtn,' LUTernau, BRiL, A9G, lid.

of S V!t'oc Tt-L t to leaar tfe Pent~trsa'.on of jibt.; JA
prwm-tL in TLr)ht Leakaego a~ld UiL~t Source Tn'.en~ty fora Xer ?hotorph~y; ftraiih-ree Cells V'or 1,--r Cell

%* MA o,-Layy Us of ShpdCa~zI ho,,luhBms

I - pp -; io

Orn eCorp Shaxped C =nge 1eLearch S. p RporI ~no. 4-.55
Edito~rs: John :.. Squier, BRL, APO$ Md. October 1955

XrvinL' Lieberman, 1IRL, APO, Md.
4:~ 0. Steel Tarseta to Measure the Penetration of Jeta;. Tin-
"1 ~ ~;r6vements in LLht Lea~e and Lipht Sourc hiciensity for

Kerr Cell Photography; Utz uln-Free Ca for Karr Cell.
~ Photography; Use )f M3iapiA Charges in Plbtoflash Bombs,

aI 1122 pp. ljo fils

~ . tbutract Card No. )(a) 001IMENTIAL~

..4 0 1 Ornce Corps Sha~ped Maw& "e oaeorch Report8;CRpt
Editors-. John L. Squier, MRL, APG, 14d. Octobier 1955 ,

3 A. Irving Liebermnan, BflL, P1. Md.

P4, -op -P of Steel Tareeta to Mensure The Penetration rc ji,,. fA-j'pr.2vamwitz inr Ll,-ht Leaktgo twnd LIC ht Sovrae Lxwns .y fr1~Ii Kerr Call Phiotography; Strain-Pree CeUs foi: Kerr Cell
ft~ ~ otograihy; Usae cf Shaped Cae in Ph':toflaoh Bomnbs.

K 4.L
12. pp -o f -



A B 2 T RAC T

ZU DE X C ARD S

Second Section

'I

The reminder of the abstract m%%i~s which follow, are for reports
ax'prs othei* thswi those published in the Research Report. These

abstftcts ver submtted by the agencies originating the reports.

V It is intended thit -theae crds, canbe r'emoved for filing if de-
sired. _16wever, for security purpospas, since the abstract may be
classified,, provision ira vmAd. fci retaining the signature and identi-

ii , fication of the person removin~g the inUde card.
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CONFIDENTIAL

jAbatroct Card No. 1 BL . 1

H J Soma Obsrvations of Elastic PropertieB of April 1955
0. Solids under H-plosive Loading4T. Dewey, H. 1. Breidenbch, Jr., J. W. Gehring, Jr.,

BallIstic Research Laboratories, Aberdeen rroving Grou.d,
SMaryland

t. 1 The at) .ins and shock fronts in a matnoosi'n alloy
1 subJecLed. to a contact detonation have bpf n determined

i I from flc h radiographs. From these the strcs,ies andI "- I szress-atra.in ratios for the compressional and shearing
strains at the shock fr-it have been computed, using

6 finite strain theory. The compressional stress-strain

*~ :~ratio exceeds the infinitesimal and increases rapidly with
-04 strain. The shearing stress-strain ratio is considerably

lower than the infinitesimal and about that predicted from
Murna h a's aecont. ordur Lheury, 4-p. Much less complete

~~ . Card No. 2 -

As- -r -o.2 BRL No. 931
Some Observations of Elasle Properties uf April 1955

0Solids under Mxplosive Loading

J. Dewey, H. I. 2.ednbaciA, Jr., J. W. Gehring, Ir.,

A .4 Ballistic Research Laboratories, Aberdeen 1rr.ving Ground,
I Makryland

~I The strains and shock fronts in a magnesium alloy
subjected to a contact detonation have been determined

.ifrom flash radiographs. From these the stresses and
stress.-train ratios for the compressiunal and ahcaring
atraine nt the -hock fronts have been uomputed, using
finite strain theory. The compressional stress-strain
ratio exceeds the Infinitesimal and increaces rapidly with

H ttrlin. The shearing stress-strain ratio is eonalletably
g. lover then the infiniteimial and about that predicbed from

Murnpha's esicond order t heory, '-p. Much less coipulete

Abstract Card No. 3 BRL No. 931
Some Observatiors of .astic Properties of April '955

a Solids undex £xplosive Loaaing

J. Dewey, H. I. Breidenbach, Jr., J. W. Gehring, Jr.,
0 , Ballistic Researeb Laboratories, Aberdeen Proviina .. nd.

as Wryland

' j E The strains and shcok fronts in a magneeiu. 'lL.y
0 subjected to a contact detonation have bt en determi..ad

IA 5 from flamh raiographs. From zhese the str- :.ses ia(L
V stross-strain ratios for the compressional and shearing

C strains at the suo! frcnts have been ecomputed, uning
on finite straint theory. T. a compressional aeas-strain

ratio exceecs the infinitesimal and increases rapidly ..ith
, strain. The shearing stress-strain ratio is conidnr,,*bly

Y=-ngI1n'c second order theory, ;A-p. uch Lz. , ta

I kN!9
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Abstract Card No.1

H r4 IAn Experimental Deternination of Det BP, No. 93ne41
oIl Pressure In Twc Solid Ingh Explosivee April 1955

j. W, Gehring, Jr., J. Dewey, Ballistic Research
* -0 Laboratories, Aberdeen Proving Grod, Marland

A'metL -1 of detexwbing detonation pressiure eo-' oli&
explonlyeB by flesh radiography of steady staLe uontatt

o S.d.taneaIonli is described. Results on 50-50 '-entolite and
Composition B are scmewhat hlser thsa aomputa values
usuully reported.

I i6P ). 7 fisc.

Abstraot Card Wo. 2 BiL No. 95
0,An =cperimental Determination of De.onation April 1955

0 Pressure in Two alid ligh T,!l.,ives

\ J. W. Gehring, Jr., J. 'eiy, BDlaAstic P::o'aroh
T~braorisAberdeen Proving Groundf ilaryland

A method of determining detonation pressure of solid
explosives by flash radiography of steady state conta
detonations is described. Results on 50-50 Pentolite and

.~ ~ f Composition B wre somew~hat higher than computed value&
~ iusually reported.

jgAftmc Car No. 3An Experiments! Deterintoni et onation L MM11. 95
" Br Pessure in Two Solid ru& EMcploaivea April 1955

J.W. Gehring, Jr., J. Dewey, Ballti. Research
Laboratories, Aberdma Proving Qroil~,W-,w

vl A method of deterAin$nno dtnaionk preca~xc of ,'U
explosives by flash radiography of steL , state c(,ta-1.

detomtions is decibed. H "-uts on 50- (% Pen.'ollta and
d soaition B are womewhat higher than caputed values

44. usua, reported.

p- 7- -eu
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observations on plate glass sna Catalin 61-".03 are re-
portOld A rel.-a. Obai-rvqtions on hc vier n terials

M give .ubsonie shock velocities under very high stresses,
In all materials exatpt glass the eompression front is
markedly t.z.ve4, indicating a rapid decay of sh.ck
strength-

" ~30 pp. 8 figs, 6 tbls.

observations on L te 8lai, a Catalin 61-893 we re-
ported and reefd. Observations on kbeavier materials
give subsonle shock velooities under very high 6treres.
'In all m erials except glass the cparession front is
msrkedly curved, Indicating a rapid deca of shock
strength.

- I

30 p3p. (A ftgt. 6 tble.

PIX . cbHsc ions on plAte glass and 0atal4n 61-89' 5 " re-
ported MAn redu~ei. Obserwrtionz on het-r if-Lr
give subsonic shook vel clti s wide; vexy b.,szb z .
'In all mteria&L except glass the ommossiou front is
mrkedly crvcd, indicating a rapid decav of ah'ek

I 30e.8fg.6tIs
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I Abstract Card No. J.
IAn E)erimental Determination of DetonF,-ioi N

Pressure in Two Solid Righ Explosives PrlJ 195R

O. Id a J. W. Gehriug, .r., J. r-cway, Ballistic Research
4 0 .' 'Labovatorl es, Aberdeen Proving Ground, Maryland

041 A method of determining detonation pressure of solid
0 e l exT )sives i.y flash radiogaphy of steady state contact

'01 detuns.4-,,rs 4s described. Results on 50-.,, "entolite an4L

M ~ 41usvrally reported.

I I
~'~J 01 6 PP. 7 figs.

.z~ , AbsLraot Card No. 295
BRL No. 95

AnP Experimental. Determination of Detonation April 1955
4 Pressure in Two SOlid Eigh W.osives

.4Laboratories, AbrenProvirg Ground, YAryland

A method of determining detonation pressure of solid.4" explosives by flash radiograghy of steady state contact

detjontiosi doscribed. Results on 50-50 Pantolitean
"t ij Composition Bar. somewhat higher than computed values

#A I uually repo-e-.

A 16 P-- 7 firs.

rct Card No..3 oA 1RL No. 935

Anr r1 wment%1 ema d ki2tion of Detonation Apil 195
Pressure In Two Solid Mi& Explosives

i J. 1. Gehrlng, Jr., J. Dewey, Ballistic Research
.0 Laboratories, Aberdeen Proving Ground, Wwyi.;'-d

,,I A method of determining deterztic preas- or ev_.u
a exlosives by flash radiography of steadv sate contact

j~idetonations 4.9 described. Results on 5O 5* PeintL1it.e and

14, CmpostionB ore somewhat higher than computed values

0

O6  N figs.N
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t f Arstraet Caro io. I BRLM Nio. C1 ,

* P.3yruotry of ',)tonation Waves Bhirging ;Lly 19155
a" from 1436 and 436 11u Init ated Tetr-l Pei! ts

0" -0 George E. Hauver bnd Kenmeth A. Benson
Pm ~I I Ballistlc Rsearch I )oretories, Aberdeen Pruving Oround,

- I€ .I)  Maryland

Restats of measuremen:s on emergent detonation 1uve-I. 43 . forms frr tetryl pellets initiated by M;6 anti N18 detona-
I , tors are reporte. T.. rcsults indicete that the average

.I waveform asymmetry resul' n from initiation by an M6-M16
combination is approximately one-fourth to one-fifth the

SI °  
asymmetry risulting from initiat.on by an M36 alone.

stCardNo. 2 
BVAsymmetry of Detonation Waves Fherging may 1955

"I f rom 3 ud nl Initi ated Tetryl Pellets
§ I George E. Hauver and Kereth A. Benaon

Ballistic Research laboratories, Aberdetun Proying Oround," H-ryland

Results of measurements on emergent detonation wave-
Ajforms from tetry. pel11ts initiated by K16 evid M18 detona,

* I tors are reported. T~;e results indicate that the average
waveform asymmetry resulting from initiation by an M36-MI 8

combiration is approximately one-fourth to one-fifth the

______ 9 PP. 7figs-
Abstract Card No. 3 BRM No. 893

. Asymmetry of Detonation Waves Emerging may 1955

kl a fr P3 Sand %4;6-Mlb Initiated ±'etryl Pelletai

J George H. Hauver =n4 Kenneth A. Benson
V j Ballistic Researc:h I.aooratories, Aberdeen P!-. Z 4r-',,m G

* .1 Maryland

forms frna tetyL pe'Jlets nitiated by M56 ai M18 detona-

tors are repot-teil, lfe results Indicate that the average

waveform asymme-ry 4:esultlr.R from initiation by n 56-;,.8
combin~ation is approxlzatpay one-fourth, to o-a-fifth r he

I asymmeitry resultingfrom initiation by an M~o alone.jj;LI

I CC>IF1DENTL4L



i -e-Ifirosc py at irainii ,6c y 195 '

if eor g .1 ver,

; IBallistic Resea_'ch Labo:-I. l"tes, Aberdet . ProvIng
q Ground, Mlaryland

0 10S. u I A commercially nvailable framing camera has been
S4 4 0 qJ adapted for cine-nicroscopic istudes at framing r ,,

greater thean 106 per aecond, and inagnif tatiord l.i exctls
of 21)0. Portions of camera records showi.:.g .fasfracture

;I at 4.x, and explo4ing wire at 25x and an ele.,tric spark
TI 4o at 215.r are included to illustrate the tye uf obser-

0 a vations to which this touAinique has been applied.

1,4117 pp. 2 figs.

Abstract Card No. 2 R6/ BRLN 80
OaCine-1iecscopy tit K,:amin,-Rts.,1 San MILy 1955

Louis Zernow, George Hauver,
4, Ballistic Resear'b Laborat.r±c, Aberdeen Proving

Ground, Maryland

A :ommercially available framing camera has been
adopted for cing-microscopic studies at fx~ming rates
greater than 10 per second, and manifieationa in exces

* of 200. Portions of camera records show-ing glass fractureIat 4.5x, and exploding wire at 25x wid an electric spark
oi at 215x are included to illustrate -he type of ober
o 0 vations to which this techniqve has been applied.

. f Louis Zernoij, George Hauv'or,
CI a1!istic Research Laboratoriees, Aberdeen Proving ;

Spround, Mryland
a- i aped f I- croscopicaude at framing Raesii0/ScodMk 15

IIAi greater than 10 per second, and magnificatons In -cess
of 200. Portiona of camera records showing 6lsu fracture
at 4.5x, and exploding wire at 25x and an electric sparkI at 215x are inc±Laed +r, illustrate the type of obser-

t I vations to which this te.hnique has bcen ae" ied.

L 7_:_,__ figs.
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Abstract Card No. 1 CON FDEN'TIAL
I Flash RadioG-aWhic Stud, of Anomalous J~ts J 1955

' 4. " from 9m Liniers anuffo. rea by Rotary

U Julins S~jn- n, Ballintii Pesearch Labaratori-3s,
, Aberdeen Pr'., ring Ground, Md.

rive lots of experimental 90mm "spun." dapper liners
4! .m w uiu.actured by a controlled !e-izn±'% rocess exhibited

00.0 fl I spin ccmpcnsetion when -'.red fKor spin-rate-penetrationbehuaiore Fla contoedb ae shown- rct o.tes ie
liners which confirm the penetration experiments, sihoLg

ospin c Fpensation in liners manufactured by thid spi ns

13 pp, d fig:3. 1 tbl.
i ! Astract Card Nlo. 2 COF =IAL

C lash RaJlo raphic Btudy of Anomalous Jets JIX 195

from 90mm Llnerb '"uficturea by RotaryEXtrusion (U) "

.1jJuliusion, ')Ballistic fleearo'n Laboratories,
Aberdoe Proving Ground, Maryland.

Fielots of experimeutal 90m "spun" copper lnrI . e 24 manufactured by a controlled spinning process exhibited

. S ptn compensation when fired for spin-rate-penetration
4 Jbehavior. Flash radiographs are shown of Jets from theseiners iricli con irm the penetration experiments, showing i

spin compensation in liners manufactured by this spiming

8~p Bfas ILbl.[; ---- Abstract Card '4 o. 3 C0 IDENTIAL

3 f Flash Radoraphic Sudy of AnomalousJets ......rj ,,: from 90=r Liners Iinufactured by Rotary gy- E~~~Rtruelon (U)Rt r ,

, J~uliuc Simon, 3! H'2ic Research Tboratories.
s~IAberdeen ProviiF, Grand, 14d.

ti iive °lts of experimental 90mm "spun" copper lintrz

9 manufactured by a controlled spinning process exhibited
'a O I spin compen~sation .: fired rur spin-rete-penetrati.:ni

4.4 behavior. Flash rad jiraphs are shown c.? lets from these

.4 .. lners which e,. tirn the peneTration experiments , sliowirg
• lnc-'mcnP,.. in l1ner, na.Arturpd by thi" -t.nning

_ ,__ _ _ _' q. o ,

r .
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I ibctract Card No. 1 CORPIDENflUAI
-4A Flash IRdoLaphie 3+00,y of Special BIUI" )09

JuisanoB7IitcRsac Laoaoicue, o o

m CIcedure which appears to be the initial step toirard m-ak ng

Use thriia poetaiyo laso lslk
6; deo in~ the form of flash rai~uotyaphs or secondary in-.5.2 frenI by siliceous cored armor; with the resdu&J, jets04 4 foA hQ4Se1 cbars.WGOther target rAterials which exhibit this anomalousft behavior iagaiust shaped charge jets are included for com-I parison.

~4I I Abstrawct CardL No. 2 COUFTEMIAL
2 I lash l~dographic Study of Special BRLM 909!4 i I o (U) July 1955
I Julius Bfrionp Ballietio R~esearchz Laboratoriecs

SJ Working onth problem of cating armor aroundu
01 cedure which apears to be the iniitial stap toward t~in

e * usme ok, the Oefeaulye potentiAlity of glas~s or g1laso.ike'
4 materials. Thio report presents direct experimnental evi.

P Anee Sii the fom of fliash radiographe of secondar'y i .

tfirfrco by efliceous cored. armor vith the residug jets
fr 4~ Other target materials ;hich exhibit this anomalous.Sbehavior agolairt shoped charge j ets are Ir.cluded forcm

parlon purposes.


